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(54) Method for the formation of semiconductor layer 



(57) A method for the formation of a semiconductor 
layer by which a defect density of stmctural defects, par- 
ticularly a dislocation density of threading dislocations 
in the resulting semiconductor layer can be remarkably 
reduced, so that hours of work can be shortened as well 



as a manufacturing cost can be reduced without requir- 
ing any complicated process comprises supplying a 
structural defect suppressing material for suppressing 
structural defects in the semiconductor layer onto a sur- 
face of the layer of a material from which the semicon- 
ductor layer is to be fomried. 
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Description 

Background of the Invention 
Field of The Invention 

[0001] The present invention relates to a method for 
the formation of a semiconductor layer (or semiconduc- 
tor layers), and more particularly to a method forthe for- 
mation of a semiconductor layer (layers) suitable for ap- 
plying in caseof fomning an epitaxial semiconductor lay- 
er (or layers) of, for example, a GaN (gallium nitride) or 
the like thin, thick or the like film(s) on a substrate or the 
like made of a variety of materials. 

Description of The Related Art 

[0002] In recent years, attention Is being given to GaN 
being an nitride semiconductor of the groups lll-V as a 
light-emitting device material in a short wavelength re- 
gion such as blue wavelength region to ultraviolet wave- 
length region, and in this connection, blue light emitting 
diode (LED) prepared from a GaN system thin film ma- 
terial has been realized, besides developments for blue 
laser prepared from such GaN system thin film material 
are proceeding. 

[0003] As such GaN system thin films, not only GaN, 
but also, for example, a light-emitting device material 
prepared from InGaN and the like are known. 
[0004] In order to improve efficiency in light emission 
or to realize blue laser prepared from a GaN system thin 
film material, It has been considered to be Important that 
structural defects, for example, misfit dislocations, dis- 
locations such as threading dislocations derived from 
misfit dislocations, grain boundaries and the like existing 
in a GaN system thin film are favorably controlled. 
[0005] Meanwhile, a defect density (the number of 
structural defects per unit area) of a GaN thin film fomned 
on sapphire (AI2O3) which has been widely used as a 
substrate indicates an extremely high value. 
[0006] Such a high value of the defect density in GaN 
system thin film is principally due to lattice mismatch of 
a GaN system thin film with a substrate material (AigOg) 
as well as a difference In thermal expansion coefficient 
between them. In this respect, a high value of defect 
density in a GaN system thin film has been considered 
to be an unavoidable problem in view of an actual status 
where no substrate which is appropriately used as a 
GaN substrate and which Is in good lattice match with 
a GaN system thin film exists. 

[0007] Forthe sake of improving a high defect density 
in a GaN thin film, as shown in FIG. 1 illustrating sche- 
matically a thin film structure, such a manner that, for 
example, a 6H-SiC (0001 ) substrate being a type of SIC 
substrate is used, an AIN thin film is fomned thereon (in 
a thickness of, for example, 1 0 nm or thicker), and a GaN 
system thin film is further fomned thereon (in a thickness 
of, for example, 1 .5 ^ m) has been applied heretofore. 



pooS] Namely, since an AIN thin film has 1 % of a rate 
of lattice mismatch with an SIC substrate, and on one 
hand, it exhibits a rate of lattice mismatch of 2.5% with 
a GaN thin film, such AIN thin film has been used as a 
5 buffer layer between the SIC substrate and the GaN sys- 
tem thin film. 

[0009] Inthethinfilmstructureshownin FIG. 1 where- 
in GaN having 1 .5 p. m thickness is fomned on the AIN 
thin film having a thfekness of 1 0 nm or thicker, although 

^0 a dislocation density of lO^cm-s order was obtained as 
to threading dislocation in structural defects, it has been 
furtherdesired to reduce remarkably dislocation density. 
[0010] In view of such request, for Instance, a manner 
of ELO (Epitaxial Lateral Overgrowth) process shown In 

15 FIGS. 2(a) and 2(b) has been lately proposed. 

[0011] In the ELO process, first, crystal growth of GaN 
is made on a substrate 200 through a buffer layer 202 
to form a first GaN layer 204 as a result of the crystal 
growth of GaN, and then, a mask 206 is formed on the 

20 first GaN layer 204 with the use of a predetemnined 
mask pattern (see FIG. 2(a)). 

[0012] Thereafter, further crystal growth of GaN is 
made on the first GaN layer 204 on which has been 
fomned the mask 206 to fonn a second GaN layer 208, 
25 Whereby it is intended to reduce a dislocation density of 
threading dislocations In the second GaN layer 208 (see 
FIG. 2(b)). 

[0013] According to the above described ELO proc- 
ess, threading dislocations appear in the first GaN layer 

30 204 at a dislocation density of 10^ to 10i0cm-2 order, 
while GaN crystal grown from the first GaN layer 204 
which has not been covered by the mask 206 comes to 
grow laterally (directions indicated by the an-ows in FIG, 
2(b)) on the mask 206, so that a dislocation density of 

35 threading dislocations in the second GaN layer 208 was 
reduced to 1 0^ cm-2 order. 

[001 4] In the above described ELO process, however, 
it is required to fomn the mask 206 on the first GaN layer 
204 with the use of a predetemnined mask pattern (see 

40 FIG. 2(a)). Accordingly, there have been such problems 
that a variety of processes of operation such as etching 
are required, whereby working hours extend over a long 
period of time as well as that its manufacturing cost and 
the like increase, so that the resulting products become 

45 expensive. 

[0015] Moreover, there has been such a further prob- 
lem that according to ELO process, threading disloca- 
tions appear in the second GaN layer 206 within bound- 
ary portions where GaN crystals each grown laterally by 

50 the use of the mask 206 fuse with each other (portions 
indicated by dotted lines in FIG. 2(b)), so that when it is 
arranged in such that the second GaN layer 208 con- 
taining the boundary portions Is not used for a devtee 
such as blue LED, a region of a GaN system thin film 

55 Which can be used for a device and the like is restricted. 
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Objects and Summary of The Invention 

[0016] The present invention has been made In view 
of various problems involved In the prior art as described 
above, and an object of the invention is to provide a 
method for the formation of a semiconductor layer (lay- 
ers) by which a defect density of structural defects, par- 
ticularly a dislocation density of threading dislocations 
in the resulting semiconductor layer(s) can be remark- 
ably reduced, so that hours of work can be shortened 
as well as a manufacturing cost can be reduced without 
requiring any complicated process in case of fonning a 
semiconductor layer (layers) of, for example, a GaN 
(gallium nitride) or the like thin, thick or the like film(s) 
on a substrate or the like made of a variety of materials. 
[0017] In order to achieve the above described ob- 
jects, In the present invention, a method for the fomna- 
tion of a semiconductor layer for fomiing the semicon- 
ductor layer comprises supplying a structural defect 
suppressing material for suppressing structural defects 
in the semiconductor layer. 

[0018] Therefore, according to the present invention, 
since a structural defect suppressing material for sup- 
pressing structural defects in a semiconductor is sup- 
plied, such structural defect suppressing material is ad- 
sorbed or applied at a position where a structural defect, 
and particularly threading dislocation appears on a sur- 
face of a material layer on which is to be fomned the sem- 
iconductor layer, so that structural defects, particulariy 
threading dislocations in the semiconductor layer are 
suppressed, whereby a dislocation density can be sig- 
nificantly reduced. 

[0019] Furthermore, in the present invention, a meth- 
od for the fomnation of a semiconductor layer for fomning 
the semiconductor layer comprises supplying a struc- 
tural defect suppressing material for suppressing struc- 
tural defects In the semiconductor layer onto a surface 
of the layer of a material from which the semiconductor 
layer is to be formed. 

[0020] Therefore, according to the Invention, since a 
structural defect suppressing material for suppressing 
structural defects In a semiconductor is supplied onto a 
surface of the layer of a material from which the semi- 
conductor layer is to be formed, the structural defect 
suppressing material is adsorbed or applied at a position 
where a stmctural defect, and particulariy threading dis- 
location appears on a surface of the layer of a material 
on which is to be fomied the semk^onductor layer, so 
that structural defects, particulariy threading disloca- 
tions in thesemlconductor layer are suppressed, where- 
by a dislocation density can be significantly reduced. 
[0021] Moreover, in the present invention, a method 
for the fomnation of a semiconductor layer for fonming 
the semiconductor layer comprises supplying simulta- 
neously a structural defect suppressing material for sup- 
pressing structural defects in the semiconductor layer 
with a material from which the semiconductor layer is to 
be fomned in case of fomning the semiconductor layer. 



[0022] Therefore, according to the invention, since a 
structural defect suppressing material for suppressing 
structural defects in a semiconductor is supplied simul- 
taneously with a material from which the semiconductor 

5 layer is to be fomned, the structural defect suppressing 
material is adsoriaed or applied at a position where a 
structural defect, and particularly threading dislocation 
appears on a surface of the layer of a material on which 
is to be fomned the semiconductor layer, so that struc- 

10 tural defects, particularly threading dislocations in the 
semiconductor layer are suppressed, whereby a dislo- 
cation density can be significantly reduced. 
[0023] Furthemnore, in the present invention, a meth- 
od for the fomnation of a semiconductor layer for fomning 

*5 the semiconductor layer comprises a first step for form- 
ing a buffer layer on a substrate; a second step for sup- 
plying a predetemnined amount of a structural defect 
suppressing material for suppressing structural defects 
in the semiconductor layer to be formed on a surface of 

20 the buffer layer fonned in the first step; a third step for 
forming the semiconductor layer on a surface of the buff- 
er layer in which said structural defect suppressing ma- 
terial has been supplied onto the semiconductor layer 
to be fomned in the second step; and a film thickness of 

25 the semiconductor layer In the third step being made to 
be 1 nm or thicker. 

[0024] Therefore, according to the invention, a buffer 
layer is fomned on a substrate in the first step, a prede- 
termined amount of a structural defect suppressing ma- 
30 terial for suppressing structural defects in the semicon- 
ductor layer to be formed is supplied on a surface of the 
buffer layer in the second step, and the semiconductor 
layer is formed on a surface of the buffer layer onto 
which has been supplied the structural defect suppress- 
es ing material in the third step in a film thickness of 1 nm 
or thicker, so that structural defects, particularly a den- 
sity of threading dislocations can be significantly re- 
duced in semiconductor layer fomned by the structural 
defect suppressing material which has been supplied on 
40 the buffer layer with a predetermined amount so as to 
have a film thickness of 1 nm or thicker, while a number 
of structural defects, particularly threading dislocations 
appear in a buffer layer fomned on a substrate. 
[0025] The method for the fomnation of a semiconduc- 
45 tor layer described in the Immediately above paragraph 
may be arranged to further comprises a fourth step for 
supplying a predetermined amount of a structural defect 
suppressing material for suppressing structural defects 
In the semiconductor layer to be fomned onto a surface 
so of the semiconductor layer formed in the third step; a 
fifth step for forming the semiconductor layer on a sur- 
face of the semiconductor layer in which the structural 
defect suppressing material has been supplied onto the 
semiconductor layer to be formed in the fourth step; and 
55 implementing one or more times of the fourth step and 
the fifth step after finishing the third step. 
[0026] As a result of the above modification, a prede- 
tenmined amount of a structural defect suppressing ma- 
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terial for suppressing structural defects in the semicon- 
ductor layer to be formed in the fourth step is supplied 
onto a surface of the semiconductor layer fomied in the 
third step, a semiconductor layer Is fonned on a surface 
of the semiconductor layer onto which has been sup- 
plied the stmctural defect suppressing material in the 
fifth step, and one or more times of the fourth step and 
the fifth step are implemented after finishing the third 
step, so that a plurality of semiconductor layers can be 
laminated. 

[0027] Moreover, the method for the fonmatlon of a 
semiconductor layer described in the above paragraph 
may be arranged in such that at least any of laser beam, 
electron beam, radical beam, Ion beam, or atomic hy- 
drogen Is applied in at least either of the second step 
and the fourth step. 

[0028] As a result of the above modification, surface 
diffusion In a surface onto which has been supplied a 
structural defect suppressing material Is promoted, 
whereby the structural defect suppressing material Is 
easily adsorbed or applied at positions on the surface 
where structural defects, and particularly threading dis- 
locations appear, so that reforming of the surface can 
be more promoted in atomic level. 
[0029] Furthermore, the method for the formation of 
a semiconductor layer described in the above para- 
graph may be arranged In such that a predetermined 
amount of plural types of structural defect suppressing 
materials for suppressing structural defects in the sem- 
iconductor layer to be fomned are supplied in at least 
either of the second step and the fourth step. 
[0030] As a result of the above modification, since a 
predetermined amount of plural types of structural de- 
fect suppressing materials are supplied in either of the 
above described second step and the fourth step, sur- 
face diffusion in a surface onto which have been sup- 
plied structural defect suppressing materials is promot- 
ed, whereby the structural defect suppressing materials 
are easily adsorbed or applied at positions where struc- 
tural defects, and particularly threading dislocations ap- 
pear on the surface, so that refomriing of the surface can 
be more promoted In atomic level. 
[0031] Moreover, a method for the formation of asem- 
iconductor layer for forming the semiconductor layer 
comprises a first step forforming a buffer layer on a sub- 
strate; a second step for starting a supply of a material 
f or fomnlng the semiconductor layer to be formed as well 
as a supply of a structural defect suppressing material 
for suppressing structural defects in the semiconductor 
layer to be fomried onto a surface of the buffer layer 
formed In the first step at the same timing, besides fin- 
ishing the supply of a structural defect suppressing ma- 
terial for suppressing structural defects In the semicon- 
ductor layer to be fonned at a timing prior to that of the 
supply of a material forforming the semiconductor layer 
to be fomned; and a film thickness of the semiconductor 
layer in the second step being made to be 1 nm or thick- 
er. 



[0032] Therefore, according to the present Invention, 
a buffer layer is formed on a substrate in the first step; 
a supply of a material forforming the semiconductor lay- 
er to be fomried as well as a supply of a structural defect 

5 suppressing material for suppressing structural defects 
in the semiconductor layer to be formed onto a surface 
of the buffer layer are started at the same timing, be- 
sides the supply of a structural defect suppressing ma- 
terial for suppressing structural defects in the semicon- 

10 ductor layer to be formed is finished at a timing prior to 
that of the supply of a material for fonning the semicon- 
ductor layer to be fonned in the second step; and the 
semiconductor layer is fonned in a film thickness of 1 
nm or thicker, so that structural defects, particularly a 

15 density of threading dislocations can be significantly re- 
duced in semiconductor layer fonned by the structural 
defect suppressing material which has been supplied on 
the buffer layer with a predetennined amount so as to 
have a film thickness of 1 nm or thicker, while a number 

20 of structural defects, particularly threading dislocations 
appear In a buffer layer fomied on a substrate. 
[0033] A method for the formation of a semiconductor 
layer described in the immediately above paragraph 
may be arranged to further comprises a third step for 

25 starting a supply of a material forforming a semiconduc- 
tor layer to be formed as well as a supply of a structural 
defect suppressing material for suppressing structural 
defects In the semiconductor layer to be fonned onto a 
surface of the above described semiconductor layer 

30 formed in the second step at the same timing, besides 
finishing the supply of a structural defect suppressing 
material for suppressing structural defects in the semi- 
conductor layer to be formed at a timing prior to that of 
the supply of a material for fonning the semiconductor 

35 layer to be fonned; and implementing at least one time 
of the third step after finishing the second step. 
[0034] As a result of the above modification, a supply 
of a material for forming a semiconductor layer to be 
fonned as well as a supply of a structural defect sup- 

40 pressing material for suppressing structural defects in 
the semiconductor layer to be fonned onto a surface of 
the above described semiconductor layer fonned in the 
second step are started at the same timing, besides the 
supply of a structural defect suppressing material for 

45 suppressing structural defects in the semteonductor lay- 
er to be formed is finished at a timing prior to that of the 
supply of a material for forming the semiconductor layer 
to be formed in the third step; and at least one time of 
the third step is implemented after finishing the second 

50 step, whereby a plurality of semiconductor layers can 
be laminated. 

[0035] Furthemriore, a method for the formation of a 
semiconductor layer described in the above paragraph 
may be arranged in such that at least any of laser beam, 
55 electron beam, radical beam. Ion beam, or atomic hy- 
drogen is applied in at least either of the second step 
and the third step. 

[0036] As a result of the above modification, surface 
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diffusion in a surface onto which has been supplied a 
structural defect suppressing nnaterial Is pronnoted. 
whereby the structural defect suppressing material Is 
easily adsorbed or applied at a position on the surface 
where structural defects, and particularly threading dis- 
locations appear, so that refomning of the surface can 
be more promoted in atomic level. 
[0037] Still further, a method for the formation of a 
semiconductor layer described in the above paragraph 
may be arranged in such that a predetemnined amount 
of plural types of structural defect suppressing materials 
for suppressing structural defects in the semiconductor 
layer to be formed are supplied in at least either of the 
second step and the third step. 
[0038] As a result of the above described modifica- 
tion, since a predetermined amount of plural types of 
structural defect suppressing materials for suppressing 
structural defects In the semiconductor layer to be 
f onmed are supplied In at least either of the second step 
and the third step, surface diffusion in a surface onto 
which has been supplied a structural defect suppressing 
material is promoted, whereby the structural defect sup- 
pressing material Is easily adsorbed or applied at a po- 
sition on the surface where structural defects, and par- 
ticularfy threading dislocations appear, so that refomning 
of the surface can be more promoted In atomic level. 
[0039] Moreover, in a method for the formation of a 
semiconductor layer in the above paragraphs, the 
above described substrate may be a silicon carbide sub- 
strate (6H-SiC substrate, 4H-SiC substrate), a laminat- 
ed substrate of silicon carbide and silicon (SiC/SI sub- 
strate), a silicon substrate (Si substrate), a sapphire 
substrate {AI2O3 substrate), a laminated substrate of 
zinc oxide and sapphire (ZnO/Al203 substrate), a ger- 
manium substrate (Ge substrate), a gallium arsenide 
substrate (GaAs substrate), an indium arsenide sub- 
strate (InAs substrate), a gallium phosphide substrate 
(GaP substrate), an Indium phosphide substrate (InP 
substrate), or a spinel substrate (MgAl203, LIGa02); the 
above described structural defect suppressing material 
may be H (hydrogen) of the group 1-A; Be (beryllium), 
orMg (magnesium) of the group ll-A; Al (aluminum), Ga 
(gallium), or In (indium) of the group lll-B; C (carbon), 
Si (silicon), Ge (gemrianlum), or Sn (tin) of the group IV- 
B; N (nitrogen), P (phosphorus), As (arsenic), orSb (an- 
timony); or O (oxygen), S (sulfur), Se (selenium), or Te 
(tellurium) of the group V-B in periodic table; and the 
semiconductor layer may be a layer of a semiconductor 
C (diamond), SI (silicon), Ge (germanium), SIC, SiGe, 
or SiCGe of the group IV; that of a binary system sem- 
iconductor of BN.AIN, GaN, InN, BP, AlP.GaP, InP, BAs, 
AlAs, GaAs, or InAs of the groups lll-V; that of a ternary 
system mixed crystal semiconductor BAIN, BGaN, 
BInN, AlGaN. AtlnN. GaInN, BAIP, BGaP, BlnR AlGaP, 
AllnP, GalnP, BAlAs, BGaAs, BInAs, AlGaAs, AllnAs, 
GalnAs, BNP, BNAs, BPAs, AINP, AINAs, AlPAs, GaNP, 
GaNAs, GaPAs, InNP, InNAs. or InPAs of the groups 111- 
V; that of a quaternary system mixed crystal semicon- 



ductor BAIGaN, BAIlnN, BGalnN. AIGaInN, BAlGaP, 
BAllnP. BGalnP, AIGalnP. BAIGaAs. BAIInAs, BGalnAs. 
AIGalnAs, BAINP, BGaNP, BlnNP. AIGaNP, AllnNP. 
GalnNP, BAlNAs, BGaNAs, BInNAs, AIGaNAs, Alln- 

5 NAs. GalnNAs, BAIPAs. BGaPAs, BInPAs. AIGaPAs, Al- 
InPAs, GalnPAs, BNPAs, AINPAs, GaNPAs, or InNPAs 
of the groups lll-V; or that of a semiconductor of ZnO, 
ZnS, ZnSe, ZnTe, CdO, CdS, CdSe, CdTe, ZnCdO, 
ZnCdS, ZnCdSe, ZnCdTe, ZnOS, ZnOSe. ZnOTe, 

10 ZnSSe, ZnSTe. ZnSeTe, CdOS, CdOSe. GdOTe, 
CdSSe. CdSTe. CdSeTe, ZnCdOS, ZnCdOSe, ZnC- 
dOTe, ZnCdSSe, ZnCdSTe, ZnCdSeTe, ZnOSSe, 
ZnOSTe, ZnOSeTe, ZnSSeTe. GdOSSe, CdOSTe, 
CdOSeTe, or GdSSeTe of the groups ll-VI in periodic 

IS table. 

[0040] Furthenmore, according to the present Inven- 
tion, a method for the formation of semiconductor layers 
on a substrate through a buffer layer comprises applying 
an MOCVD (Metalorganic Chemical Vapor Deposition), 

20 an MBE (Molecular Beam Epitaxy), a QBE (Chemical 
Beam Epitaxy), an HAVPE (Hallde Vapor Phase Epi- 
taxy), a GSMBE (Gas-Source Molecular Beam Epitaxy), 
an MOMBE (Metalorganic MBE), an LPE (Liquid Phase 
Epitaxy), a CVD (Chemical Vapor Deposition), a sput- 

25 tering, or a vacuum deposition process; a first step for 
supplying solid gallium (Ga), trimethyigallium (TMG), or 
triethylgalllum (TEG), solid aluminum (Al), trimethylalu- 
minum fTMA), triethylalumlnum (TEA), trimethylamlne- 
alum (TMAAl), dimethylethylamlnealum (DMEAAI), or 

30 triisobutylaluminum (TIBAI) and nitrogen radical, ammo- 
nia (NH3), monomethylhydrazine (MMHy), ordimethyl- 
hydrazine (DMHy) on a surface of a SIC substrate or an 
AI2O3 substrate to fomri a GaN layer, an AIN layer, or an 
AIGaN layer as a buffer layer; a second step for supply- 
's ing Si being a structural defect suppressing material 
used for a GaN layer, an AIN layer, or an AIGaN layer 
as a semiconductor layer to be foniied in a film on a 
surface of the GaN layer, the AIN layer, or AIGaN layer 
as the buffer layer which has been formed in the first 

40 step with the use of solid silicon (Si), silane (SiH4}, dls- 
ilane (sl2Hg), methylsilane ( CH3SiH3), dimethytsllane 
((CH3)2SiH2), diethylsilane ((C2H5)2SIH2), trlmethylsl- 
lane ((CH3)3SiH), triethylsilane((C2H5)3SiH), tetrameth- 
ylsilane (TMSi), or tetraethylsllane (TESI); and a third 

45 step for supplying solid gallium (Ga), trimethyigallium 
(TMG), or triethylgalllum (TEG), solid aluminum (Al), trl- 
methylaluminum (TMA), triethylalumlnum (TEA), tri- 
methylaminealum (TMAAl), dimethylethylaminealum 
(DMEAAI), or triisobutylaluminum (TIBAI) and nitrogen 

50 radical, ammonia (NH3), monomethylhydrazine (MM- 
Hy), or dimethylhydrazine (DMHy) on a surface of a GaN 
layer, an AIN layer, or an AIGaN layer as the buffer layer 
to which has been supplied the Si In the second step to 
form a GaN layer, an AIN layer, or an AIGaN layer as 

55 the semiconductor layer in a thickness of 1 nm or thicker. 
[0041] Therefore, according to the present invention, 
in a method for the fomnation of semiconductor layers 
on a substrate through a buffer layer, an MOCVD (Met- 
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alorganic Chemical Vapor Deposition), an MBE (Moiec- 
ular Beam Epitaxy), a CBE (Chemical Beam Epitaxy), 
an HAVRE (Halide Vapor Phase Epitaxy), a GSIVIBE 
(Gas-Source Molecular Beam Epitaxy), an MOMBE 
(Metalorganic MBE), an LPE (Liquid Phase Epitaxy), a 
CVD (Chemical Vapor Deposition), a sputtering, or a 
vacuum deposition process is applied; solid gallium 
(Ga), trimethylgalllum (TMG), or triethylgalllum (TEG), 
solid aluminum (Al), trimethylaluminum (TMA), triethyl- 
aluminum (TEA), trimethylaminealum (TMAAI), dimeth- 
ytethylaminealum (DMEAAI), ortriisobutylaluminum (T\- 
BAI) and nitrogen radical, ammonia (NH3), monometh- 
ylhydrazine (MMHy), or dimethyl hydrazine (DMHy) are 
supplied on a surface of a SIC substrate or an AI2O3 
substrate to form a GaN layer, an AIN layer, or an AIGaN 
layer as a buffer layer in the first step; Si being a struc- 
tural defect suppressing material used for a GaN layer, 
an AIN layer, or an AIGaN layer as a semiconductor lay- 
er to be fonned In a film is supplied on a surface of the 
GaN layer, the AIN layer, or AIGaN layer as the buffer 
layer with the use of solid silicon (Si), silane (SiH4), dis- 
ilane (SigHg), methylsilane (CHgSiHa), dimethylsilane 
((CH3)2SiH2), diethylsilane ((C2H5)2SiH2), trimethylsi- 
lane ((CH3)3SiH), triethylsilane((C2H5)3SiH), tetrameth- 
ylsilane (TMSi), or tetraethylsilane (TESi) In the second 
step; and a third step for supplying solid gallium (Ga), 
trimethylgalllum (TMG), or triethylgallium (TEG), solid 
aluminum (Al), trimethylaluminum (TMA), triethy I alumi- 
num (TEA), trimethylaminealum (TMAAI), dimethyl- 
ethylaminealum (DMEAAI), or triisobutylaluminum (Tl- 
BAI) and nitrogen radical, ammonia (NH3), monometh- 
ylhydrazine (MMHy), or dimethylhydrazlne (DMHy) are 
supplied on a surface of a GaN layer, an AIN layer, or 
an AIGaN layer as the above described buffer layer to 
which has been supplied the Si to form a GaN layer, an 
AIN layer, or an AIGaN layer as the semiconductor layer 
in a thickness of 1 nm or thicker in the third step. As a 
result, Si is adsorbed on the surface of a GaN layer, an 
AIN layer, or an AIGaN layer, whereby the surface of the 
GaN layer, the AIN layer, or the AIGaN layer is refomned 
in atomic level, and thereafter another GaN layer, AIN 
layer, or AIGaN layer is fomned as a semiconductor lay- 
er, so that a defect density of structural defects, partic- 
ularly a dislocation density of threading dislocations in 
the GaN layer, the AIN layer, or the AIGaN layer being 
the semiconductor layer can be significantly reduced. 
[0042] In addition, since Si supplied as astructurai de- 
fect suppressing material Is a metal used as an n-type 
impurity material for a GaN layer, an AIN layer, or an 
AIGaN layer, it does not affect adversely quality of the 
resulting semiconductor layer in case of fomning the 
GaN layer, the AIN layer, or the AIGaN layer as an n- 
type semiconductor layer, and thus, such SI can be eas- 
ily supplied. 

[0043] Moreover, according to the present invention, 
a method for the fomnation of a semiconductor layer in 
which a GaN layer or an AIGaN layer is fomned on an 
SIC substrate or an AI2O3 substrate by means of 



MOCVD (Metalorganic Chemical Vapor Deposition) 
equipment comprises a first step for either supplying tri- 
methylgalllum (TMG) or triethylgallium (TEG) and am- 
monia (NH3) onto a surface of the SiC substrate or the 

5 AI2O3 substrate to fomn a GaN layer as a buffer layer, 
or supplying trimethylgalllum (TMG) or triethylgallium 
(TEG) and trimethylaluminum (TMA) or triethylalumi- 
num (TEA) and ammonia (NH3) thereon to fonm an AI- 
GaN layer as a buffer layer; a second step for supplying 

10 SI being an n-type impurity material used for a GaN layer 
or an AIGaN layer on a surface of the GaN layer or the 
AIGaN layer being the buffer layer formed in the first step 
with the use of silane (SiH4), disilane (Si2H5), or tetrae- 
thylsilane (TESI) in one monolayer or less; and a third 

15 step for either supplying trimethylgalllum (TMG) or tri- 
ethylgallium (TEG) and ammonia (NH3) on a surface of 
the GaN layer or the AIGaN layer being the buffer layer 
to which has been supplied the silane (SiH4), disilane 
(Si2He), or tetraethylsilane (TESi) In the second step to 

20 fomn a GaN layer in a thickness of 1 nm or thicker, or 
supplying trimethylgalllum (TMG) or triethylgallium 
(TEG) and trimethylaluminum (TMA) or triethylalumi- 
num (TEA) and ammonia (NH3) to form a AIGaN layer 
in a thickness of 1 nm orthteker. 

25 [0044] Therefore, according to the present invention, 
in a method for the formation of a semiconductor layer 
In which a GaN layer or an AIGaN layer Is fomfied on an 
SiC substrate or an AI2O3 substrate by means of 
MOCVD (Metalorganic Chemical Vapor Deposition) 

30 equipment, either trimethylgallium (TMG) or triethylgal- 
lium (TEG) and ammonia (NH3) are supplied onto a sur- 
face of the SiC substrate or the AI2O3 substrate to fomn 
a GaN layer as a buffer layer, or trimethylgallium (TMG) 
or triethylgallium (TEG) and trimethylaluminum (TMA) 

35 ortriethylaluminum (TEA) and ammonia (NH3) are sup- 
plied thereon to form an AIGaN layer as a buffer layer 
In the first step; Si being an n-type impurity material used 
for a GaN layer or an AIGaN layer is supplied on a sur- 
face of the GaN layer or the AIGaN layer being the buffer 

40 layer with the use of silane (S\H^, disilane (SigH^), or 
tetraethylsilane (TESi) in one monolayer or less In the 
second step; and either trimethylgallium (TMG) or tri- 
ethylgallium (TEG) and ammonia (NH3) are supplied on 
a surface of the GaN layer or the AIGaN layer being the 

4s buffer layer to which has been supplied the silane 
(SiH4), disilane (si2H6), or tetraethylsilane (TESi) to fomn 
a GaN layer in a thickness of 1 nm or thicker, ortrimeth- 
ylgallium (TMG) or triethylgallium (TEG) and trimethyl- 
aluminum (TMA) ortriethylaluminum (TEA) and ammo- 

50 nia (NH3) are supplied thereon to form a AIGaN layer in 
a thickness of 1 nm or thicker in the third step. 
[0045] Hence, Si in the silane (SiH4), disilane (Si2Hg), 
or tetraethylsilane (TESI) is adsorised on a surface of a 
GaN layer, or an AIGaN layer, whereby the surface of 

55 the GaN layer, or the AIGaN layer is reformed in atomic 
level, and thereafter another GaN layer, or AIGaN layer 
is fomned as a semiconductor layer, so that a defect den- 
sity of structural defects, particulariy a dislocation den- 
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sity of threading dislocations in the GaN layer being a 
semiconductor layer can be significantly reduced. 
[0046] In addition, since Si supplied as a structural de- 
fect suppressing material is a metal used as an n-type 
impurity material for a GaN layer, or an AIGaN layer, It 
does not affect adversely quality of the resulting semi- 
conductor layer in case of fonning the GaN layer, or the 
AIGaN layer as a semiconductor layer, and thus, such 
Si can be easily supplied. 

Brief Description of The Drawings 

[0047] The present invention will become more fully 
understood from the detailed description given herein- 
after and the accompanying drawings which are given 
by way of Illustration only, and thus are not limitative of 
the present Invention, and wherein: 

FIG. 1 is an explanatory view illustrating schemati- 
cally a thin film structure of a GaN thin film formed 
through an AIN thin film on a conventional 6H-SiC 
(0001) substrate. 

FIGS. 2(a) and 2(b) are explanatory views each il- 
lustrating schematically a state in which a GaN thin 
film is fonried on a substrate through a buffer layer 
in accordance with ELO process wherein FIG. 2(a) 
is an explanatory view illustrating schematically a 
state wherein a mask is formed on a first GaN layer 
with a predetermined mask pattern, and FIG. 2(b) 
is an explanatory view Illustrating schematically a 
state wherein a second GaN layer is further formed. 
FIGS. 3(a), 3(b), 3(c) and 3(d) are explanatory 
views each illustrating schematically a state in tlme> 
series order in which a GaN thin film is fomned on a 
6H-Sic (0001) In accordance with a method for the 
fomiation of a semiconductor layer of the present 
invention wherein FIG. 3(a) is an explanatory view 
illustrating schematically a state in which an AIN thin 
film is formed on a 6H-SiC (0001) substrate, and a 
GaN layer is further fonned on the AIN thin film, FIG. 
3(b) is an explanatory view illustrating schematical- 
ly a state in which tetraethylsilane (TESi) Is supplied 
on the surface of the GaN layer, FIG. 3(c) Is an ex- 
planatory view illustrating schematically a state in 
which Si in the TESi supplied is adsorbed on the 
surface of the GaN layer; and FIG. 3(d) Is an ex- 
planatory view Illustrating schematically a thin film 
structure of the GaN thin film which has been 
fonned on the 6H-SiC (0001) substrate In accord- 
ance with a method for the fomnation of a semicon- 
ductor layer of the present invention. 
FIGS. 4(a), 4(b), 4(c), and 4(d) are tables each 
showing a treating condition In case of forming the 
thin film structure illustrated in FIG. 3(d) by the use 
of MOGVD system wherein FIG. 4 (a) is a table 
showing a treating condition in case of forming an 
AIN thin film on the 6H-SiG (0001) substrate, FIG. 
4(b) is a table showing a treating condition in case 



of fonning a GaN buffer layer on the AIN thin film, 
FIG. 4(c) is a table showing a treating condition In 
case of supplying TESi onto the GaN buffer layer, 
and FIG. 4(d) is a table showing a treating condition 
5 in case of supplying tnnethylgallium (TMG) and am- 
monia (NH3). 

FIG. 5 Is an explanatory diagram indicating timing 
for supplying TESi and a gas for forming a GaN thin 
film as a semiconductor layer in accordance with a 
10 first embodiment of a method for the fomnation of a 
semiconductor layer (layers) according to the 
present invention. 

FIG. 6 is a section of an electron micrograph having 
the thin film structure shown in FIG. 3(d) in accord- 

is ance with TEM. 

FIG. 7(a) is an explanatory view Illustrating sche- 
matically a state wherein a GaN thin film is formed 
as a semiconductor layer in accordance with a sec- 
ond embodiment of a method for the formation of a 

20 semiconductor layer according to the present in- 
vention, and FIG. 7(b) Is a table Indicating a treating 
condition In case of forming the thin film structure 
shown in FIG. 7(a) by the use of MOCVD process. 
FIGS. 8(a-1) and 8(a-2) are explanatory diagrams 

25 each illustrating schematically a state In time-series 
order in which a GaN thin film is fonned as a sem- 
iconductor layer In accordance with a third embod- 
iment of a method for the formation of a semicon- 
ductor layer according to the present invention, and 

30 FIG. 8(b) Is a table showing treating conditions in 
case of fonning the thin film structures illustrated in 
FIGS. 8(a-1 ) and 8(a-2) by the use of MOCVD proc- 
ess. 

FIGS. 9(a-1) and 9(a-2) are explanatory diagrams 
35 each illustrating schematically a state in time-series 
order in which a GaN thin film is formed as a sem- 
iconductor layer in accordance with a fourth embod- 
iment of a method for the fomriation of a semicon- 
ductor layer according to the present invention, and 
40 FIG. 9(b) is a table showing treating conditions in 
case of fonning the thin film structures illustrated in 
FIGS. 9(a-1 ) and 9(a-2) by the use of MOCVD proc- 
ess. 

FIG. 1 0(a) is an explanatory diagram indicating tim- 
45 ing for supplying TESi and a gas for fonning GaN 
thin films as semiconductor layers in accordance 
with a fifth embodiment of a method for the fomna- 
tion of semiconductor layers according to the 
present invention, and FIG. 10(b) is an explanatory 
so view illustrating schematically a state wherein a 
GaN thin films are fonned as semiconductor layers 
in accordance with the fifth embodiment of a meth- 
od for the formation of semiconductor layers ac- 
cording to the present Invention. 
55 FIG. 11(a) is an explanatory view illustrating sche- 
matically a state wherein GaN thin films are formed 
as semiconductor layers in accordance with a sixth 
embodiment of a method for the formation of sem- 
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iconductor layers according to the present inven- 
tion, while FIGS. 11(b-1) and 11(b-2) are explana- 
tory diagranns each illustrating schematically a state 
in tinne-series order in which a GaN thin film(s) is 
(are) formed as a semiconductor layer(s) in accord- 
ance with a seventh embodiment of a method for 
thefomnation of a semiconductor layer(s) according 
to the present invention as well as FIGS. 11{c-1) 
and 11 (c-2) are explanatory diagrams each illustrat- 
ing schematically a state in time-series order in 
which a GaN thin film(s) is (are) fomried as a semi- 
conductor layer(s) in accordance with a eighth em- 
bodiment of a method for the fomriation of a semi- 
conductor layer(s) according to the present inven- 
tion. 

FIGS. 12(a), 12(b), and 12(c) are tables indicating 
methods for preparing thin films (a), substrates (b) 
and materials for suppressing structural defects (c) 
which may be applied to a method for the fomnation 
of a semiconductor layer(s) according to the 
present invention as well as FIG. 12(d) is a table 
indicating semiconductor layers wherein structural 
defects which will be formed (d) were reduced, re- 
spectively. 

FIG. 13(a), 13(b), 13(c) and 13(d) are tables each 
showing a treating condition in case of forming a 
GaN thin film by the use of GSM BE process wherein 
FIG. 13(a) is a table indicating a treating condition 
in case of fomning an AIN thin film on a 6H-SiC 
(0001) substrate, 13(b) is a table indicating a treat- 
ing condition In case of forming a GaN buffer layer 
on the AIN thin film. FIG. 13(c) is a table indicating 
a treating condition in case of supplying TESi on the 
GaN buffer layer, and 13(d) Is a table indicating a 
treating condition in case of trimethylgatlium (TMG) 
and ammonia (NH3). 

FIG. 1 4(a) is a table showing raw materials supplied 
for forming semiconductor layers which can be 
used in a method for the formation of semiconductor 
layers according to the present invention as well as 
the semiconductor layers to be fomned (a), and FIG. 
14(b) is a table showing materials for suppressing 
stmctural defects (b). 

Detailed Description of The Preferred Embodiments 

[0048] Inthefollowing, afirst embodiment of a method 
for the formation of a semiconductor layer according to 
the present invention will be described in detail by refer- 
ring to the accompanying drawings. 
[0049] FIG. 3 illustrates schematically a state in which 
a GaN thin film is formed as a semiconductor layer on 
a 6H-SiC (0001) substrate being a type of SIC (silicon 
carbide) substrates in time-series order in accordance 
with the first embodiment of a method for the formation 
of a semiconductor layer according to the present inven- 
tion wherein the state illustrated in FIG. 3(a) shifts suc- 
cessively to the state Illustrated in FIG. 3(b), the state 



illustrated in FIG. 3(c), and the state illustrated in FIG. 
3(d). 

[0050] In the present embodiment, although a hori- 
zontal type pressure-reduced (76 Torr) metalorganic 

5 chemical vapor deposition (MOCVD) reactor is em- 
ployed forfomiing a thin film structure illustrated In FIG. 
3(d), it is not limited to such manner as described above, 
as a matter of course, but a thin film preparing technique 
such as sputtering process other than MOCVD process 

10 may be applied as mentioned hereinafter. 

[0051] FIGS. 4(a) through 4(d) indicate treating con- 
ditions in case of forming the thin film structure illustrat- 
ed in FIG. 3(d) in accordance with MOCVD process, and 
FIG. 5 is an explanatory diagram showing a timing for 

15 supplying TESi (which is mentioned hereunder) and 
gases for forming a GaN thin film as a semiconductor 
layer in accordance with the first embodiment of a meth- 
od for the formation of a semiconductor layer according 
to the present invention. 

20 [0052] Moreover, FIG. 6 is an electron micrograph 
taken by means of a transmission type electron micro- 
scope (TEM) showing a section of the thin film structure 
illustrated in FIG. 3(d) which is fomried in accordance 
with the treating conditions indicated in FIGS. 4(a), 4(b), 

25 4(c), and 4(d). 

[0053] In order to make understanding of the present 
invention easy, an outline of a treatment in case of fonm- 
ing the thin film structure illustrated in FIG. 3(d) in ac- 
cordance with the first embodiment of a method for the 

30 formation of a semiconductor layer according to the 
present invention will be described herein. First, an AIN 
(aluminum nitride) thin film 1 2 is formed as a buffer layer 
on a 6H-SiC (0001) substrate 10 as a substrate (see 
FIG. 3(a)), 

35 [0054] Then, a GaN buffer layer 14 is formed on the 
AIN thin film 12 as a buffer layer, and tetraethylsilane 
(TESI) is supplied on a surface 14a of the GaN buffer 
layer 14 as an n-type impurity material (see FIG. 3(b)). 
[0055] Thereafter, trimethylgallium (TMG) and ammo- 

40 nla (NH3) are supplied on the GaN buffer layer 14 to 
which has been supplied TESI to forni a GaN layer 18 
as a semiconductor layer 

[0056] As a result, the TESi functions to suppress 
structural defects, particulariy growth of threading dislo- 

45 cations, whereby structural defects, particularly a dislo- 
cation density of the GaN layer 1 8 which is fomned as a 
semiconductor layer by supplying trimethylgallium 
(TMG) and ammonia (NH3) after the supply of TESi as 
a result of crystal growth of GaN could be remarkably 

so reduced. 

[0057] A treatment in case of fomning the thin film 
structure illustrated in FIG. 3(d) In accordance with the 
first embodiment of a method for the fomiation of a sem- 
iconductor layer of the invention will be described in de- 
55 tail hereinafter 

[0058] First, an AIN thin film 1 2 being a buffer layer is 
fonmed on a 6H-SiC (0001) substrate 10 in accordance 
with the treating condition Indicated In FIG. 4(a), and fur- 
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ther, a GaN buffer layer 1 4 being a buffer layer is formed 
on the AIN thin film 12 in accordance with the treating 
condition indicated in FIG. 4(b) (see FIG. 3(a)). 
[0059] The GaN buffer layer 1 4 is a buffer layer inter- 
posed between the AIN thin film 12 fonned under the 5 
GaN buffer layer 14 and the AIN thin film 12 fonmed on 
the GaN buffer layer 14, and threading dislocations with 
a dislocation density in the order of 1 0^ to 1 0^^cm"^ are 
observed in the GaN buffer layer 14 due to lattice mis- 
match with respect to the substrate material (6H-SiC 
(0001)) (see FIG. 6). 

[0060] Then, TESi (a metal used as an n-type Impurity 
material with respect to GaN) is supplied on the surface 
14a of the GaN buffer layer 1 4 at a timing T1 (see FIG. 
5) in accordance with the treating condition shown in 
FIG. 4(c) (FIG. 3(b)) after the GaN buffer layer 14 was 
formed on the AIN thin film 12 (FIG. 3(a)). 
[0061] in this case, threading locations appear in the 
GaN buffer layer 1 4 as described above, and in this re- 
spect, an atomic clearance expands at a position where 
the threading dislocations appear on the surface 1 4a of 
the GaN buffer layer 14. 

[0062] Since a magnitude of expansion in an atomic 
clearance at a position where the threading locations 
appear (hereinafter referred to as "dislocation core po- 
sition") on the surface 14a of the GaN buffer layer 14 as 
described above is 8. fold in dislocation core structure 
according to literature, it may be considered that such 
dimension is the one wherein SI in the TESi supplied 
can be easily adsorbed thereat (can be combined there- 
with). 

[0063] When TESi is supplied on the surface 14a of 
the GaN buffer layer 14 In such a situation, SI In the TESi 
supplied is adsorbed at dislocation core positions of the 
surface 14a of the GaN buffer layer 14 (see FIG. 3(c)), 
whereby the surface 14a of the GaN buffer layer 14 Is 
reformed in atomic level. 

[0064] Such reforming In atomic level of the surface 
1 4a of the GaN buffer layer 1 4 is caused by Si in TESi, 
and when the surface 14a of the GaN buffer layer 14 Is 
reformed in atomic level, appearance of structural de- 
fects, particulariy threading dislocations in the GaN lay- 
er 1 8 formed on the surface 1 4a of the GaN buffer layer 
14 are suppressed, so that a defect density, particulariy 
a dislocation density is reduced. 
[0065] In the present specification, a material such as 
the TESi as described above which reforms the surface 
of a material layer on which Is to be supplied the TESi 
in an atomic level to suppress structural defects such as 
threading dislocations in another material layer to be 
formed on the material layer on which has been supplied 
the TESi, whereby a defect density such a dislocation 
density is reduced therein is referred to as "structural 
defect suppressing material". 

[0066] At a timing T2 (see FIG. 5) when a predeter- 
mined period of time tl (see FIG. 5) elapsed from a timing 
T1 (see FIG. 5). a supply of TESi to the surface 14a of 
the GaN buffer layer 14 is finished, and at the same time. 



a supply of trimethylgallium (TMG) and ammonia (NH3) 
is started in accordance with the treating condition indi- 
cated in FIG. 4(d) to fomn a GaN layer 18 (see FIGS. 3 
(c) and 3 (d)) through an interface which has been treat- 
ed by supplying TESi onto the GaN buffer layer 14 (see 
FIG. 6). 

[0067] Thereafter, at a timing T3 (see FIG. 5) when a 
predetemrilned period of time t2 (see FIG. 5) elapsed 
from the timing T2 (see FIG. 5), a supply of trimethylgal- 
lium (TMG) and annmonia (NH3) is finished. As a result, 
threading locations were observed at a dislocation den- 
sity of only 1 06cm"2 order in the GaN layer 1 8 formed (1 
nm film thickness) (see FIG. 6). 
[0068] Namely, a number of (a dislocation density of 
109 to lO'^^cm'^ order) threading dislocations appear in 
the GaN buffer layer 1 4 being a buffer layer, while a den- 
sity of threading dislocations was remarlcably reduced 
(a dislocation density of 1 0^cm-^ order) in the GaN layer 
1 8 formed through the Interface which has been treated 
by supplying TESi on the GaN buffer layer 14 (see FIG. 
6). 

[0069] As described above, since TESi being a struc- 
tural defect suppressing material is supplied in the first 
embodiment of a method for the f omiation of a semicon- 
ductor layer according to the present Invention, a sur- 
face 1 4a of a GaN buffer layer 1 4 being a buffer layer is 
refomied in an atomic level by means of SI in the TESi, 
whereby a defect density of structural defects, particu- 
larly a dislocation density of threading dislocations in a 
GaN layer 18 being a semiconductor layer can be sig- 
nificantly reduced. 

[0070] Furthemfiore, it is sufficient for suppressing oc- 
currence of structural defects in the first embodiment of 
a method for the fonnatlon of a semiconductor layer ac- 
cording to the present invention to carry out such ex- 
tremely simple treatment that a predetermined amount 
of TESi being a structural defect suppressing material 
Is supplied, so that it is not required to talce a variety of 
complicated procedures such as etching In case of form- 
ing a mask in ELO process. Accordingly, operating time 
can be reduced as well as manufacturing cost can be 
decreased in the first embodiment of the present inven- 
tion. 

[0071] It is to be noted that since TESi supplied as a 
structural defect suppressing material is a metal which 
Is used as an n-type Impurity material with respect to 
GaN, the TESi does not function as a material making 
quality of a resulting semiconductor layer deteriorative 
in case of forming the GaN layer 1 8 as a semiconductor 
layer. Thus, a supply of the TESi can be easily made. 
[0072] Moreover, Si In TESi being a structural defect 
suppressing material is adsorbed on the surface 14a of 
the GaN buffer layer 1 4 to refonm the surface 1 4a of the 
GaN buffer layer 14 In an atomic level, and then, the 
GaN layer 18 is formed in the first embodiment of a 
method for the formation of a semiconductor layer ac- 
cording to the present invention. Therefore, no portion 
such as boundary portions (the portions dotted in FIG. 
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2(b)) where threading locations produced in ELO proc- 
ess appear easily exists in the GaN layer 18, so that a 
GaN thin film which is easily utilized In Industry can be 
obtained, because a field of GaN thin flinn which can be 
applied to a device and the like is not restricted. s 
[0073] In the following, a second embodiment of a 
method for the formation of semiconductor layers ac- 
cording to the present Invention will be described by re- 
ferring to FIGS. 7(a) and 7(b), respectively. 
[0074] FIG. 7(a) illustrates schematically a state 
wherein GaN thin films are formed as semiconductor 
layers in accordance with the second embodiment of a 
method for the fomnation of semiconductor layers of the 
invention, and FIG. 7(b) Indicates a treating condition In 
case of fomiing the thin film structure shown In FIG. 7 
(a) in accordance with MOCVD process. 
[0075] When the second embodiment of a method for 
the formation of semiconductor layers according to the 
present invention is compared with the first embodiment 
of a method for the fomnation of a semiconductor layer 
according to the present invention, only single layer of 
the semiconductor layer (GaN layer 1 8) is formed (see 
FIG. 3(d)) in the above described first embodiment of a 
method for the fomnation of a semiconductor layer of the 
invention, while a plurality of semiconductor layers are 
formed by laminating a plurality of layers in the second 
embodiment of a method for the formation of semicon- 
ductor layers of the invention. 

[0076] More specifically, on the surface of a GaN layer 
18 being a semiconductor layer fomied as in the first 
embodiment of a method for the f onnation of a semicon- 
ductor layer of the invention, a GaN layer 20 being a 
semiconductor layer is further laminated. 
[0077] Accordingly, since treating conditions and the 
like (see FIGS. 4(a) to 4(d)) in a course wherein an AIN 
(aluminum nitride) thin film 1 2 isfomned as a buffer layer 
on a 61-l-SiC (0001) substrate 10 as a substrate, then, 
a GaN buffer layer 14 is fomned as another buffer layer 
on the AIN thin film 12 (see FIG. 3 (a)), thereafter, TESi 
is supplied onto a surface 14a of the GaN buffer layer 
1 4 (see FIG. 3(b), and a further GaN layer 1 8 is formed 
(see FIGS. 3(c) and 3(d)) are the same as those de- 
scribed in the explanation for operations in the aforesaid 
first embodiment of a method for the f onnation of a sem- 
iconductor layer of the Invention, the detailed descrip- 
tion therefor are omitted by quoting the corresponding 
description. 

[0078] Namely, a defect density of structural defects, 
particularly a dislocation density of threading disloca- 
tions in the GaN layer 18 (see FIG. 3(d)) fomned in ac- 
cordance with the treating conditions indicated in FIGS. 
4(a) to 4(d) Is remarkably reduced. After the GaN layer 
1 8 was fomned (in the state Illustrated in FIG. 3(d)), TESi 
being a metal used as a n-type Impurity material with 
respect to GaN is supplied to a surface of the GaN layer 
1 8 at a timing T1 (see FIG. 5) in accordance with a treat- 
ing condition indicated in FIG. 7(b-1). 
[0079] At a timing T2 (see FIG. 5) when a predeter- 



mined period of time tl elapsed from the timing T1 (see 
FIG. 5), a supply of TESi onto the surface 14a of the 
GaN buffer layer 1 4 is finished, and at the same time, a 
supply of trimethylgallium (TMG) and ammonia (NH3) 
is started in accordance with a treating condition indi- 
cated in FIG. 7(b-2) to fomn a GaN layer 20 through an 
interface treated by supplying the TESi on the GaN layer 
18 (see FIG. 7(a)). 

[0080] In also the GaN layer 20 (1 nm film thickness) 
fomned as described above, a defect density of structur- 
al defects, partk^ulariy a dislocation density of threading 
dislocations is remarkably reduced by the action of TESi 
being a structural defect suppressing material described 
above as In the case of the GaN layer 1 8. 
[0081 ] Namely, according to the second embodiment 
of a method for the formation of semiconductor layers 
of the present invention, a supply of a structural defect 
suppressing material (TESi) as well as a supply of tri- 
methylgallium (TMG) and ammonia (NH3) are repeated 
on the surface of a semiconductor layer (GaN layer 1 8) 
formed, whereby a plurality of layers of the GaN layer 
18 and the GaN layer 20 being semiconductor layers 
can be laminated. 

[0082] A third embodiment of a method for the fomna- 
tion of semiconductor layers according to the present 
invention will be described hereinafter by referring to 
FIGS. 8(a) and 8(b). 

[0083] FIGS. 8(a-1 ) and 8(a-2) illustrate schematical- 
ly each state wherein a GaN thin film (films) as a semi- 
conductor layer (layers) is (are) fomned in a time-series 
order in accordance with the third embodiment of a 
method for the formation of a semiconductor layer (lay- 
ers) of the present invention. In the third embodiment, 
the state shown in FIG, 8(a-1) shifts to the state shown 
in FIG. 8(b-2). 

[0084] It is to be noted that the state shown in FIG. 8 
(a-1) corresponds to the state shown in FIG. 3(b), and 
the state shown in FIG. 8(a-2) corresponds to the state 
shown in FIG. 3(d), respectively 
[0085] Furthennnore, a treating condition In case of 
fomning a thin film structure shown in FIG. 8(a-2) in ac- 
cordance with MOCVD process is indicated in FIG. 8(b). 
[0086] When the third embodiment of a method for the 
fomnation of semiconductor layers according to the 
present invention is compared with the first embodiment 
of a method for the formation of a semiconductor layer 
according to the present invention, only TESi is supplied 
on the surface 14a of the GaN buffer layer 14 in the 
above describe first embodiment of a method for the for- 
mation of a semiconductor layer of the present invention 
(see FIG. 3(b) and FIG. 4(c)), while TESi is supplied on 
the surface 14a of the GaN buffer layer 14 as well as 
light beam Is also supplied thereon in the third embodi- 
ment of a method for the formation of semiconductor lay- 
ers of the invention. 

[0087] More specifically, TESi is supplied on the sur- 
face 1 4a of the GaN buffer layer 1 4 being a buffer layer 
fomned as in the case of the first embodiment of a meth- 
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od for the formation of a semiconductor iayer of the 
present invention as weil as light beam is applied from 
a mercury lamp thereon. 

[0088] Accordingly, since treating conditions and the 
like (see FIGS. 4(a) and 4(b)) in a course wherein an s 
AIN (aluminum nitride) thin film 12 is formed as a buffer 
layer on a 6H-SiC (0001) substrate 10 as a substrate, 
and thereafter, a GaN buffer layer 14 is formed as an- 
other buffer layer on the AIN thin film 1 2 (see FIG. 3(a)) 
are the same as those described in the explanation for 
operations in the aforesaid first embodiment of a method 
for the formation of a semiconductor layer of the inven- 
tion, the detailed description therefor are omitted by 
quoting the corresponding description. 
[0089] Namely, TESi is supplied (see FIG. 8(a-1)) on 
a surface of the GaN buffer layer 14 (see FIG. 3(a)) 
formed in accordance with the treating conditions indi- 
cated in FIGS. 4(a) and 4(b) at a timing T1 (see FIG. 5) 
in accordance with the treating condition indicated in 
FIG. 8(b). 

[0090] In this case, light beam is continuously output 
on the surface 14a of the GaN buffer layer 14 from a 
mercury lamp at 0.1 pJ/cm^ intensity at the same time 
of a supply of TESi, so that surface diffusion of Si in TESi 
on the surface 1 4a of the GaN buffer layer 1 4 is promot- 
ed as a result of application of light beam from the mer- 
cury lamp. 

[0091] For this reason, Si in TESi is easily adsorbed 
at a dislocation core position on the surface 14a of the 
GaN buffer iayer 1 4, so that ref omning of the surface 1 4a 
of the GaN buffer layer 14 in atomic level is more pro- 
moted. 

[0092] At a timing T2 (see FIG. 5) when a predeter- 
mined period of time tl (see FIG. 5) elapsed from the 
timing Tl (see FIG. 5), a supply of TESi onto the surface 
14a of the GaN buffer layer 14 is finished, and at the 
same time, a supply of trimethylgallium (TMG) and am- 
monia (NH3) is started in accordance with a treating con- 
dition indicated in FIG. 4(d) to fomn a GaN layer 18 
through an interface (see FIG. 8(a-2)) treated by sup- 
plying the TESi on the GaN buffer layer 1 4 under appli- 
cation of light beam from mercury lamp (see FIG. 8(a- 
2)). 

[0093] In the GaN layer 18 (1 nm film thickness) 
fomned as described above, a defect density of structur- 
al defects, particularly a dislocation density of threading 
dislocations is remarkably reduced by the action of TESi 
being a structural defect suppressing material as de- 
scribed above. 

[0094] Namely, according to the third embodiment of 
a method for the fomnation of semiconductor layers of 
the present invention, a defect density of structural de- 
fects, particularly a dislocation density of threading dis- 
locations in the GaN layer 1 8 being a semiconductor lay- 
er can be remarkably reduced by the supply of TESi be- 
ing a structural defect suppressing material, besides as 
a result of application of light beam by means of a mer- 
cury lamp in addition to the supply of TESI being a struc- 



tural defect suppressing material, surface diffusion of Si 
in the TESi Is promoted on the surface 14a of the GaN 
buffer layer 14, so that Si in the TESi is easily adsorbed 
at a dislocation core position on the surface 14a of the 
GaN buffer layer 14, whereby reforming of the surface 
14a of the GaN buffer layer 14 can be more promoted 
in an atomic level. 

[0095] In the following, a fourth embodiment of a 
method for the fomnation of semiconductor layers ac- 
cording to the present Invention will be described by re- 
ferring to FIGS. 9(a) and 9(b). 

[0096] FIGS. 9(a-1) and 9(a-2) illustrate schematical- 
ly each state wherein a GaN thin film (films) as a semi- 
conductor layer (layers) is (are) formed in a time-series 
order in accordance with the fourth embodiment of a 
method for the formation of a semiconductor layer (lay- 
ers) of the present invention. In the fourth embodiment, 
the state shown in FIG. 9(a-1) shifts to the state shown 
in FIG. 9(b-2). 

[0097] It is to be noted that the state shown in FIG. 9 
(a-1) corresponds to the state shown in FIG. 3(b), and 
the state shown in FIG. 9(a-2) corresponds to the state 
shown in FIG. 3(d), respectively. 
[0098] Furthemnore, a treating condition in case of 
forming a thin film stmcture shown in FIG. 9{a-2) in ac- 
cordance with MOCVD process is indicated In FIG. 9(b). 
[0099] When the fourth embodiment of a method for 
the formation of semiconductor layers according to the 
present invention Is compared with the first embodiment 
of a method for the formation of a semiconductor layer 
according to the present invention, only TESi is supplied 
on the surface 14a of the GaN buffer layer 14 in the 
above described first embodiment of a method for the 
fomnation of a semiconductor layer of the present inven- 
tion (see FIG. 3(b) and FIG. 4(c)), while TESi is supplied 
together with other types of structural defect suppress- 
ing material on the surface 14a of the GaN buffer layer 
1 4 in the fourth embodiment of a method for the forma- 
tion of semiconductor layers of the present invention. 
[0100] More specifically, TESi Is supplied on the sur- 
face of a GaN buffer layer 1 4 being a buffer layer formed 
similarly as in the first embodiment of a method for the 
formation of a semiconductor layer according to the 
present invention as well as TMIn is also supplied ther- 
eon. 

[0101] Accordingly, since treating conditions and the 
like (see FIGS. 4(a) and 4(b)) in a course wherein an 
AIN (aluminum nitride) thin film 12 is fomned as a buffer 
iayer on a 6H-SiC (0001) substrate 10 as a substrate, 
and thereafter, a GaN buffer iayer 14 is fomned as an- 
other buffer iayer on the AIN thin film 12 (see FIG. 3(a)) 
are the same as those described in the explanation for 
operations in the aforesaid first embodiment of a method 
for the fomnation of a semiconductor layer of the inven- 
tion, the detailed description therefor are omitted by 
quoting the corresponding description. 
[0102] Namely, TESi is supplied (see FIG. 7(a-1 )) on 
a surface of the GaN buffer layer 14 (see FIG. 3(a)) 
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formed in accordance with the treating conditions Indi- 
cated in FIGS. 4(a) and 4(b) at a timing T1 (see FIG. 5) 
according to the treating condition indicated in FIG. 9(b). 
[0103] In this case, TMIn is supplied on the surface 
1 4a of the GaN buffer layer 1 4 together with a supply of 
TESI, so that surface diffusion of Si In TESi on the sur- 
face 14a of the GaN buffer layer 14 Is promoted as a 
result of supplying In In the TMIn. 
[0104] For this reason, Si in TESi is easily adsorbed 
at a dislocation core position on the surface 14a of the 
GaN buffer layer 1 4, so that ref omrilng of the surface 1 4a 
of the GaN buffer layer 14 in atomic level is more pro- 
moted. 

[0105] At a timing T2 (see FIG. 5) when a predeter- 
mined period of time tl (see FIG. 5) elapsed from the 
timing Tl (see FIG. 5) , a supply of TESI onto the surface 
14a of the GaN buffer layer 14 is finished, and at the 
same time, a supply of trimethylgallium (TMG) and am- 
monia (NH3) is started in accordance with a treating con- 
dition indicated in FIG. 4(d) to form a GaN layer 18 
through an interface (see FIG. 9(a-2)) treated by sup- 
plying the TESi together with the TMIn on the GaN buffer 
layer 14 (see FIG.7(a-2)). 

[0106] In the GaN layer 18 (1 nm film thickness) 
formed as described above, a defect density of structur- 
al defects, particularly a dislocation density of threading 
dislocations is remarkably reduced by the action of TESi 
being a structural defect suppressing material as de- 
scribed above. 

[0107] Namely, according to the fourth embodiment 
of a method for the fomriation of semiconductor layers 
of the present Invention, a defect density of structural 
defects, particularly a dislocation density of threading 
dislocations in the GaN layer 18 being a semiconductor 
layer is remarkably reduced by the supply of TESi being 
a structural defect suppressing material, besides as a 
result of supplying TMIn in addition to the supply of TESi 
being a structural defect suppressing material, surface 
diffusion of Si in the TESi is promoted on the surface 
14a of the GaN buffer layer 14, so that Si in the TESi is 
easily adsorbed at a dislocation core position on the sur- 
face 14a of the GaN buffer layer 1 4, whereby refomning 
of the surface 14a of the GaN buffer layer 14 can be 
more promoted in an atomic level. 
[01 08] In the following, a fifth embodiment of a method 
for the formation of semiconductor layers acconding to 
the present Invention will be described by referring to 
FIGS. 10(a) and 10(b). 

[0109] FIG. 10(a) is an explanatory diagram showing 
a timing for supplying TESi as well as a timing for sup- 
plying gases for fomning a GaN thin film as a semicon- 
ductor layer in accordance with the fifth embodiment of 
a method for the formation of semiconductor layers of 
the present invention, and FIG. 10(b) illustrates sche- 
matically a state wherein a GaN thin film as a semicon- 
ductor layer in accordance with the fifth embodiment of 
a method for the formation of semiconductor layers of 
the Invention. 



[01 1 0] When the fifth embodiment of a method for the 
fomnation of semiconductor layers of the invention is 
compared with the first embodiment of a method for the 
formation of semiconductor layers according to the 

5 present invention, a supply of TESi Is made at a different 
timing from that of a supply of trimethylgallium (TMG) 
and ammonia (NH3) for fomning a GaN layer 18 in the 
first embodiment of a method for the fomriation of sem- 
iconductor layers of the invention (see FIG. 5), while a 

10 supply of TESi is made at the same timing as that of a 
supply of trimethylgallium (TMG) and ammonia (NH3) 
for forming a GaN layer 1 8 in the fifth embodiment of a 
method for the formation of semiconductor layers of the 
Invention. 

15 [0111] Since treating conditions and the like (see 
FIGS. 4(a) and 4(b)) in a course wherein an AIN (alumi- 
num nitride) thin film 1 2 is fomried as a buffer layer on a 
6H-SiG (0001) substrate 10 as a substrate, and there- 
after, a GaN buffer layer 14 is formed as another buffer 

20 layer on the AIN thin film 1 2 (see FIG. 3(a)) are the same 
as those described in the explanation for operations in 
the aforesaid first embodiment of a method for the for- 
mation of a semiconductor layer of the invention, the de- 
tailed description therefor are omitted by quoting the 

25 con-esponding description. 

[0112] More specifically, a start of supplying TESi 
(see the timing Tl in FIG. 5) is different in timing from 
that of supplying trimethylgallium (TMG) and ammonia 
(NH3) for forming the GaN layer 18 (see the timing T2 

30 in FIG. 5) as described above in the first embodiment of 
a method for the formation of a semiconductor layer of 
the invention, so that there is no case where TESi being 
a structural defect suppressing material as well as tri- 
methylgallium (TMG) and ammonia (NH3) for fonning 

35 the GaN layer 1 8 are supplied at the same timing. 
[0113] On the other hand, in the fifth embodiment of 
a method for the formation of semiconductor layers of 
the invention, a supply of TESi onto a surface 14a of the 
GaN buffer layer 14 is started at a timing Tl (see FIG. 

40 1 0(a)) in accordance with the treating condition Indicat- 
ed In FIG. 4(c), and at the same time, a supply of tri- 
methylgallium (TMG) and ammonia (NH3) for fonning 
the GaN layer 1 8 is started according to the treating con- 
dition indicated in FIG. 4(d). 

45 [01 14] At a timing T2 (see FIG. 1 0(a)) when a prede- 
temriined period of time tl (see FIG. 1 0(a)) elapsed from 
thetimingTI (see FIG. 10(a)), a supply of TESi onto the 
surface 14a of the GaN buffer layer 14 is finished. 
[0115] On one hand, at a timing T4 (see FIG. 10(a)) 

so when a predetermined period of time t2 (see FIG. 1 0(a)) 
elapsed from thetimingTI (see FIG. 10(a)), a supply of 
trimethylgallium (TMG) and ammonia (NH3) for forming 
the GaN layer 18 is finished. 

[0116] Thus, TESi as well as trimethylgallium (TMG) 
S5 and ammonia (NH3) for fomning the GaN layer 1 8 are 
supplied on the surface 14a of the GaN buffer layer 14 
at the same timing. 

[01 17] As a result, both TESi as well as trimethylgal- 
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Hum (TMG) and ammonia (NH3) forforming the GaN lay- 
er 1 8 are supplied duhng a predetermined period of time 
tl extending from the timing T1 to the timing T2, so that 
a TESi supply layer 16 containing TESi is formed. 
[0118] Furthermore, only trimethylgallium (TMG) and 5 
ammonia (NH3) for fomning the GaN layer 18 are sup- 
plied during a period of time extending from the timing 
T2 at the time when the supply of TESi was finished to 
the timing T4, so that the GaN layer 18 is formed on a 
surface of the TESI supply layer 16 (see FIG. 10(c)). 
[0119] In the GaN layer 18 (1 nm film thickness) 
formed as described above, a defect density of structur- 
al defects, particularly a dislocation density of threading 
dislocations Is remarkably reduced by the action of TESI 
being a structural defect suppressing material as de- 
scribed above. 

[0120] Namely, according to the' fifth embodiment of 
a method for the formation of semiconductor layers of 
the present invention, a defect density of structural de- 
fects, particularly a dislocation density of threading dis- 
locations in the GaN layer 1 8 being a semiconductor lay- 
er can be remarkably reduced by a simultaneous supply 
of TESI being a structural defect suppressing material 
with trimethylgallium (TMG) and ammonia (NH3) for 
fomning the GaN layer 1 8 being a semiconductor layer. 
[0121] In the following, a sixth embodiment of a meth- 
od for the fonnatlon of semiconductor layers according 
to the present invention will be described by referring to 
FIG. 11(a). 

[0122] FIG. 11(a) illustrates schematically a state 
wherein GaN thin films are fonned as semiconductor 
layers in accordance with the sixth embodiment of a 
method for the fonnatlon of semiconductor layers of the 
invention. 

[0123] When the sixth embodiment of a method for 
the fomriation of semiconductor layers according to the 
present invention is compared with the fifth embodiment 
of a method for the fomnation of a semiconductor layer 
according to the present invention, only single layer 
each of the TESI supply layer 16 and the GaN layer 18 
Is fonned (see FIG. 10(b)) in the above described fifth 
embodiment of a method for the fonnation of a semicon- 
ductor layer of the present invention, while a plurality 
each of the TESi supply layers 16 and the GaN layers 
1 8 are fonned by laminating these plurality of layers, re- 
spectively, in the sixth embodiment of a method for the 
formation of semiconductor layers of the invention. 
[0124] Since treating conditions and the like (see 
FIGS. 4(a) through 4(d)) In acourse wherein an AiN (alu- 
minum nitride) thin film 1 2 is fonned as a buffer layer on 
a 6H-SiC (0001) substrate 1 0 as a substrate, thereafter, 
a GaN buffer layer 14 Is formed as another buffer layer 
on the AIN thin film 12, and further a TESi supply layer 
16 and a GaN layer 18 are formed on a surface 14a of 
the GaN buffer layer 1 4 are the same as those described 
in the explanation for operations in the aforesaid fifth 
embodiment of a method for the fonnation of a semicon- 
ductor layer of the Invention, the detailed description 



therefor are omitted by quoting the corresponding de- 
scription. 

[0125] Onto a surface of the GaN buffer layer 18 is 
started a supply of TESi at a timing Tl (see FIG. 1 0(a)) 
in accordance with the treating condition indicated in 
FIG. 7(b-1), and at the same time, a supply of trimeth- 
ylgallium (TMG) and ammonia (NH3) for fomning a GaN 
layer 18' is started according to the treating condition 
indicated in FIG. 7(b-2). 

[0126] At a timing T2 (see FIG. 1 0(a)) when a prede- 
tenmlned period of time tl (see FIG. 10(a)) elapsed from 
the timing Tl (see FIG. 10(a)), a supply of TESi onto the 
surface 14a of the GaN buffer layer 14 Is finished. 
[0127] On one hand, at a timing T4 (see FIG. 10(a)) 
when a predetenrnined period of time t2 (see FIG. 1 0(a)) 
elapsed from the timing Tl (see FIG. 10(a)), a supply of 
trimethylgallium (TMG) and ammonia (NH3) for fomning 
the GaN layer 1 8' is finished. 

[0128] As a result, a TESi supply layer 16' Is fonned 
on the surface of the GaN layer 18, and the GaN layer 
18' is fonned on a surface of the TESi supply layer 16* 
(see FIG. 11(a)). 

[0129] In the GaN layer 18' (1 nm film thickness) 
formed as described above, a defect density of structur- 
al defects, particulariy a dislocation density of threading 
dislocations is remarkably reduced by the action of TESi 
being a structural defect suppressing material as de- 
scribed above. 

[0130] Namely, according to the sixth embodiment of 
a method for the formation of semiconductor layers of 
the present invention, a supply of a structural defect sup- 
pressing material (TESI) as well as a supply of trimeth- 
ylgallium (TMG) and ammonia (NH3) are repeated on 
the surface of a semiconductor layer (GaN layer 18) 
formed, whereby a plurality of layers of the GaN layer 
18 and the GaN layer 18' being semiconductor layers 
can be laminated. 

[0131] A seventh embodiment of a method for the for- 
mation of semiconductor layers according to the present 
Invention will be described hereinafter by referring to 
FIG. 11(b). 

[0132] FIGS. 11 (b-1) and 11 (b-2) Illustrate schemati- 
cally each state wherein a GaN thin film (films) as a sem- 
iconductor layer (layers) is (are) formed in a time-series 
order In accordance with the seventh embodiment of a 
method for the formation of a semiconductor layer (lay- 
ers) of the present invention. In the seventh embodi- 
ment, the state shown in FIG. 11 (b-1) shifts to the state 
shown in FIG. 11 (b-2). 

[01 33] When the seventh embodiment of a method for 
the formation of semiconductor layers according to the 
present invention is compared with the fifth embodiment 
of a method for the fonnation of a semiconductor layer 
according to the present invention, only TESi as well as 
trimethylgallium (TMG) and ammonia (NH3) for fomning 
the GaN layer 1 8 are supplied on the surface 1 4a of the 
GaN buffer layer 14 at the same time in the above de- 
scribed fifth embodiment of a method for the fonnation 
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of a semiconductor layer of the present invention, while 
TESi as well as trimethylgallium (TMG) and ammonia 
(NH3) for forming a GaN layer 1 8 are supplied on a sur- 
face 14a of a GaN buffer layer 14 at the same time, be- 
sides light beam is also applied thereon in the seventh s 
embodiment of a method for the formation of semicon- 
ductor layers of the invention. 

[0134] More specifically, TESi as well as trimethylgal- 
lium (TMG) and ammonia (NH3) forf omning the GaN lay- 
er 1 8 are supplied on a surface 1 4a of a GaN buffer layer 
1 4 being a buffer layer formed as in the case of the first 
embodiment of a method for the fonmation of a semicon- 
ductor layer of the present Invention, besides light beam 
Is applied from a mercury lamp thereon. 
[0135] Accordingly, since treating conditions and the 
like (see FIGS. 4(a) and 4(b)) in a course wherein an 
AIN (aluminum nitride) thin film 12 Is fonned as a buffer 
layer on a 6H-SiC (0001) substrate 10 as a substrate, 
and thereafter, a GaN buffer layer 14 is fomied as an- 
other buffer layer on the AIN thin film 1 2 (see FIG. 3(a)) 
are the same as those described in the explanation for 
operations in the aforesaid first embodiment of a method 
for the fomiation of a semiconductor layer of the inven- 
tion, the detailed description therefor are omitted by 
quoting the corresponding description. 
[0136] Namely, a supply of TESi onto the surface of 
the GaN buffer layer 14 (see FIG. 3(a)) Is started at a 
timing T1 (see FIG. 10(a)) in accordance with the treat- 
ing condition Indicated In FIG. 8(b), and at the same 
time, a supply of trimethylgallium (TMG) and ammonia 
(NH3) for fonnlng the GaN layer 1 8 is started according 
to the treating condition Indicated in FIG. 4(d). 
[0137] In this case, light beam is continuously output 
on the surface 14a of the GaN buffer layer 14 from a 
mercury lamp at 0.1 pJ/cm^ intensity at the same time 
of a supply of TESi as well as trimethylgallium (TMG) 
and ammonia (NH3) for fomiing the GaN layer 18, so 
that surface diffusion of Si in TESi on the surface 14a of 
the GaN buffer layer 1 4 is promoted as a result of appli- 
cation of light beam from the mercury lamp. 
[0138] For this reason, SI In TESI Is easily adsorbed 
at a dislocation core position on the surface 14a of the 
GaN buffer layer 1 4, so that refomning of the surface 1 4a 
of the GaN buffer layer 14 is more promoted in atomic 
level. 

[0139] At a timing T2 (see FIG. 10(a)) when a prede- 
temnined period of time tl (see FIG. 1 0(a)) elapsed from 
the timing T1 (see FIG. 10(a)), a supply of TESi onto the 
surface 14a of the GaN buffer layer 14 is finished. 
[0140] On the other hand, a supply of trimethylgallium 
(TMG) and ammonia (NH3) for fonning the GaN layer 
18 is finished at a timing T4 (see FIG. 10(a)) when a 
predetermined period of time t2 (see FIG. 10(a)) 
elapsed from the timing Tl (see FIG. 10(a)). 
[0141] In the GaN layer 18 (1 nm film thickness) 
formed as described above, a defect density of structur- 
al defects, particularly a dislocation density of threading 
dislocations is remarkably reduced by the action of TESI 



being a structural defect suppressing material as de- 
scribed above. 

[01 42] Namely, according to the seventh embodiment 
of a method for the fomriatlon of semiconductor layers 
of the present invention, a defect density of structural 
defects, particularly a dislocation density of threading 
dislocations in the GaN layer 1 8 being a semiconductor 
layer can be remarkably reduced by the simultaneous 
supply of TESi being a structural defect suppressing 
material with trimethylgallium (TMG) and ammonia 
(NH3) for fonming the GaN layer 1 8, besides as a result 
of application of light beam by means of a mercury lamp 
in addition to the simultaneous supply of TESi being a 
structural defect suppressing material with trimethylgal- 
lium (TMG) and ammonia (NH3) for forming the GaN lay- 
er 1 8, surface diffusion of SI in the TESi is promoted on 
the surface 14a of the GaN buffer layer 14, so that Si in 
the TESi is easily adsorbed at a dislocation core position 
on the surface 14a of the GaN buffer layer 14, whereby 
reforming of the surface 14a of the GaN buffer layer 14 
can be more promoted in an atomic level. 
[0143] In the following, a eighth embodiment of a 
method for the fomiation of semiconductor layers ac- 
cording to the present invention will be described by re- 
ferring to FIG. 11(c). 

[0144] FIGS. 11(c-1) and 11(c-2) illustrate schemati- 
cally each state wherein a GaN thin film (films) as a sem- 
iconductor layer (layers) Is (are) fomied In a time-series 
order in accordance with the eighth embodiment of a 
method for the formation of a semiconductor layer (lay- 
ers) of the present invention in which the state shown in 
FIG. 11 (c-1) shifts to the state shown In FIG. 11(c-2). 
[0145] When the eighth embodiment of a method for 
the formation of semiconductor layers according to the 
present invention is compared with the seventh embod- 
iment of a method for the formation of a semiconductor 
layer according to the present invention, only TESi as 
well as trimethylgallium (TMG) and ammonia (NH3) for 
forming the GaN layer 18 are supplied on the surface 
14a of the GaN buffer layer 14 at the same time In the 
above described seventh embodiment of a method for 
the fonmation of a semiconductor layer of the present 
invention, while TESI as well as trimethylgallium (TMG) 
and ammonia (NH3) for forming a GaN layer 1 8 are sup- 
plied on a surface 14a of a GaN buffer layer 14 at the 
same time, besides another type of a structural defect 
suppressing material is also supplied thereon in the 
eighth embodiment of a method for the fomriatlon of 
semiconductor layers of the Invention. 
[01 46] More specifically, TESI as well as trimethylgal- 
lium (TMG) and ammonia (NH3) forforming a GaN layer 
1 8 are supplied on the surface 14a of a GaN buffer layer 
14 being a buffer layer formed similarly as in the first 
embodiment of a method for the fomnation of a semicon- 
ductor layer according to the present Invention, besides 
TMIn is also supplied thereon. 
[0147] Accordingly, since treating conditions and the 
like (see FIGS. 4(a) and 4(b)) in a course wherein an 
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AIN (aluminum nitride) thin film 12 is fornied as a buffer 
layer on a 6H-SIC (0001) substrate 10 as a substrate, 
and thereafter, a GaN buffer layer 14 is formed as an- 
other buffer layer on the AIN thin film 12 (see FIG. 3(a)) 
are the same as those described in the explanation for 5 
operations in the aforesaid first embodiment of a method 
for the fomriatlon of a semiconductor layer of the inven- 
tion, the detailed description therefor are omitted by 
quoting the con-esponding description. 
[0148] Namely, a supply of TESi and TMIn is started 
on a surface of the GaN buffer layer 14 (see FIG. 3(a)) 
formed in accordance with the treating conditions indi- 
cated in FIGS. 4(a) and 4(b) at a timing T1 (see FIG. 1 0 
(a)) in accordance with the treating condition indicated 
in FIG. 9(b) as well as asupply of trimethylgallium(TMG) 
and ammonia (NH3) for forming a GaN layer 18 is also 
started in accordance with the treating condition Indicat- 
ed in FIG. 4(d) thereon. 

[0149] In this case, TMIn Is supplied on the surface 
14a of the GaN buffer layer 14 together with TESi as 
well as a supply of trimethylgallium (TMG) and ammonia 
(NH3) for forming the GaN layer 1 8, so that surface dif- 
fusion of In in TMIn on the surface 1 4a of the GaN buffer 
layer 14 is promoted. 

[0150] For this reason, Si in TESi is easily adsoriDed 
at a dislocation core position on the surface 14a of the 
GaN buffer layer 1 4, so that ref omning of the surface 1 4a 
of the GaN buffer layer 14 Is more promoted in atomic 
level. 

[0151] At a timing T2 (see FIG. 10(a)) when a prede- 
temnined period of time tl (see FIG. 1 0(a)) elapsed from 
the timing Tl (see FIG. 10(a)), a supply of TESi and 
TMIn onto the surface 14a of the GaN buffer layer 14 is 
finished. 

[01 52] On the other hand, a supply of trimethylgallium 
(TMG) and ammonia (NH3) for fomiing the GaN layer 
18 is finished at a timing T4 (see FIG. 10(a)) when a 
predetemriined period of time t2 (see FIG. 10(a)) 
elapsed from the timing Tl (see FIG. 10(a)). 
[0153] In the GaN layer 18 (1 nm film thickness) 
fomned as described above, a defect density of structur- 
al defects, particularly a dislocation density of threading 
dislocations is remaricably reduced by the action of TESi 
being a structural defect suppressing material as de- 
scribed above. 

[0154] Namely, according to the eighth embodiment 
of a method for the fomiatlon of semiconductor layers 
of the present invention, a defect density of structural 
defects, particularly a dislocation density of threading 
dislocations in the GaN layer 18 being a semiconductor 
layer can be remarkably reduced by the simultaneous 
supply of TESi being a structural defect suppressing 
material with trimethylgallium (TMG) and ammonia 
(NH3) for fonning the GaN layer 18, besides as a result 
of supplying TM I n in addition to the simultaneous supply 
of TESi being a structural defect suppressing material 
with trimethylgallium (TMG) and ammonia (NH3) for 
forming the GaN layer 18, surface diffusion of Si in the 



TESi is promoted on the surface 14a of the GaN buffer 
layer 14, so that Si in the TESi Is easily adsorbed at a 
dislocation core position on the surface 14a of the GaN 
buffer layer 14, whereby reforming of the surface 14a of 
the GaN buffer layer 14 can be more promoted in an 
atomic level. 

[0155] It Is to be noted that the above described em- 
bodiments may be modified as explained in the following 
paragraphs (1) through (10). 



10 

(1) While a GaN layer 18 has been grown in 1 nm 
film thickness to fomri a GaN thin film in the above 
described embodiments, the invention Is not limited 
thereto as a matter of course, but a variety of treat- 

t5 ing conditions may be modified, for Instance, a 
growth period of time may be changed to forni the 
GaN layer 18 into a thick film or a bulk. 

(2) In the above described embodiments, both of a 
GaN buffer layer 1 4 being a buffer layer and a GaN 

20 layer 18 being a semiconductor layer have been 
GaN layers, and in other words, the buffer layer and 
the semiconductor layer are made from a homoge- 
neous material. However, the present Invention is 
not limited thereto, but the buffer layer and the sem- 
25 iconductor layer may be made from a heterogene- 
ous material as a matter of course, for instance, a 
fonnation of an AIGaN layer as a buffer layer as well 
as that of a GaN layer 1 8 as a semiconductor layer 
are applicable. 

30 (3) Although MOCVD process has been applied as 
a method for preparing a thin film in the above de- 
scribed embodiments, the present invention Is not 
limited thereto as a matter of course, but a variety 
of thin film preparing technologies may be applied, 
35 for example, they are the thin film preparing tech- 
nologies other than MOCVD as shown in FIG. 12 
(a) such as MBE (Molecular Beam Epitaxy), CBE 
(Chemical Beam Epitaxy), HAVRE (Halide Vapor 
Phase Epitaxy), GSMBE (Gas-Source Molecular 
40 Beam Epitaxy), MOM BE (Metalorganic MBE), LPE 
(Liquid Phase Epitaxy), CVD (Chemical Vapor Dep- 
osition), sputtering, and vacuum deposition proc- 
esses. 

For instance, in case of applying GSMBE proc- 
45 ess, a GaN thin film Is fomied in accordance with 
the treating condition indicated in FIG. 13, white, in 
also another process for preparing a thin film, vari- 
ous treating conditions and the like may be modified 
in accordance with the conresponding thin film pre- 
50 paring process. 

(4) While in the above described embodiments, 6H- 
SiC (0001 ) has been used as a substrate. Si in TESi 
has been supplied as a structural defect suppress- 
ing material, and a semiconductor layer to be 
55 fomied wherein structural defects had been re- 
duced has been a GaN layer, the present invention 
is not limited thereto as a matter of course, but as 
a substrate, silicon carbide substrate (6H-SiC sub- 
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strate, 4H-SiC substrate), laminated substrate of 
silicon carbide and silicon (SIC/SI substrate), silicon 
substrate (Si substrate), sapphire substrate (A(203 
substrate), laminated substrate of zinc oxide and 
sapphire (ZnO/AlgOs substrate), gemnanium sub- s 
strate (Ge substrate), gallium arsenide substrate 
(GaAs substrate), indium arsenide substrate (InAs 
substrate), gallium phosphide substrate (GaP sub- 
strate), indium phosphide substrate (InP substrate), 
or spinel substrate (IV^gAI^Os, LIGa02) may be used io 
(see FIG. 12(b). As a structural defect suppressing 
material, H (hydrogen) of the group l-A; Be (berylli- 
um), or Mg (magnesium) of the group ll-A; Al (alu- 
minum), Ga (gallium), or In (indium) of the group III- 
B; C (carbon), Si (silicon), Ge (gemrianium), or Sn is 
(tin) of the group IV-B; N (nitrogen), P (phosphorus). 
As (arsenic), or Sb (antimony); or O (oxygen), S 
(sulfur), Se (selenium), orTe (tellurium) of the group 
V-B In periodic table may be used (see FIG. 12(c)). 
A semiconductor layer to be fomried wherein struc- 20 
tural defects are reduced may be a layer of a sem- 
iconductor C (diamond), Si (silicon), Ge (germani- 
um), SIC, SIGe, or SICGe of the group IV; that of a 
binary system semiconductor of BN,AIN, GaN, InN, 
BP, AlP, Gap, InP, BAs, AlAs, GaAs, or InAs of the 25 
groups lll-V; that of a ternary system mixed crystal 
semiconductor BAIN, BGaN, BInN, AIGaN, AllnN. 
GaInN, BAIP, BGaP, BInP, AIGaP, AllnP. GalnP, 
BAIAs, BGaAs, BInAs, AIGaAs, AllnAs, GalnAs, 
BNP, BNAs, BPAS. AINP, AINAs, AlPAs, GaNP, Ga- 30 
NAs, GaPAs, InNP, InNAs, or InPAs of the groups 
lll-V; that of a quaternary system mixed crystal sem- 
iconductor BAIGaN, BAIInN, BGaInN, AIGaInN, 
BAIGaP, BAIInP. BGalnP, AIGalnP, BAIGaAs, BAII- 
nAs, BGalnAs, AIGalnAs, BAINP, BGaNP, BInNP, 35 
AIGaNP, AllnNP, GalnNP, BAINAs, BGaNAs. Bln- 
NAs, AIGaNAs, AllnNAs, GalnNAs, BAIPAs, BGa- 
PAs, BInPAs, AIGaPAs, AllnPAs. GalnPAs, BNPAs, 
AINPAs, GaNPAs, or InNPAs of the groups lll-V; or 
that of a semiconductor of ZnO, ZnS, ZnSe, ZnTe, 40 
CdO, CdS, CdSe, CdTe, ZnCdO, ZnCdS, ZnCdSe, 
ZnCdTe, ZnOS, ZnOSe, ZnOTe, ZnSSe, ZnSTe, 
ZnSeTe, CdOS, CdOSe, CdOTe, CdSSe, CdSTe, 
CdSeTe, ZnCdOS, ZnCdOSe, ZnCdOTe, 
ZnCdSSe, ZnCdSTe, ZnCdSeTe, ZnOSSe. ZnOS- 45 
Te, ZnOSeTe, ZnSSeTe, CdOSSe, CdOSTe, 
CdOSeTe, or CdSSeTe of the groups ll-VI in peri- 
odic table (see FIG. 12(d)). In this case, a ma- 
terial (or materials) for forming a semiconductor lay- 
er (layers) may be supplied in accordance with the so 
semiconductor layer (layers) to be formed. 
(5) Although a semiconductor layer to be fomned 
wherein structural defects had been reduced has 
been a GaN layer prepared from trimethylgallium 
(TMG) or ammonia (NH3) in the above described ss 
embodiments of a method for the formation of a 
semiconductor layer (layers) according to the 
present Invention, the Invention Is not limited there- 



to as a matter of course, but it may be a GaN layer 
prepared from solid gallium (Ga), trimethyl gallium 
(TMG), or triethylgallium (TEG) and nitrogen radi- 
cal, ammonia (NH3), monomethylhydrazine (MM- 
Hy), or dimethylhydrazine (DMHy); an AIGaN layer 
prepared from solid gallium (Ga), trimethyl gallium 
(TMG), or triethylgallium and solid aluminum (Al), 
trimethylaluminum (TMA), triethylaluminum (TEA), 
trimethylaminealum (TMAAI), dimethylethylamine- 
alum (DMEAAI), ortrlisobutylalumlnum (TIBAI) and 
further, nitrogen radical, ammonia (NH3), mono- 
methylhydrazine (MMHy), or dimethylhydrazine 
(DMHy); or an AIN layer prepared from a solid alu- 
minum (Al), trimethylaluminum (TEA), triethylalumi- 
num (TEA), trimethylaminealum (TMAAI), dimethyl- 
ethylaminealum (DMEAAI), or triisobutylaluminum 
(TIBAI) and nitrogen radical, ammonia (NH3), mon- 
omethylhydrazine (MMHy), or dimethylhydrazine 
(DMHy) (see FIG. 14(a)). 

(6) While tetraethylsilane (TESi) has been used for 
supplying Si as a structural defect suppressing ma- 
terial in the above described embodiments of a 
method for the fomnation of a semiconductor layer 
(layers) according to the present invention, the In- 
vention is not limited thereto as a matter of course, 
but solid silicon (Si), silane (SiH4), disilane (Si2H6), 
methylsilane (CH3SiH3), dimethyls! lane 
((CH3)2SiH2), diethylsilane ((C2H5)2SiH2), trimeth- 
ylsilane ((CH3)3SiH), triethylsilane((C2H5)3SiH) or 
tetramethylsilane (TMSi) may be used for a supply 
of Si (see FIG. 14(b)). 

(7) Although only one layer of a GaN layer 1 8' or 20 
has been laminated on a surface of the GaN layer 
1 8 as a semiconductor layer in the above described 
second and the sixth embodiments of a method for 
the f onnation of a semiconductor layer according to 
the present invention (see FIG. 7(a) and FIG. 11 (a)), 
the invention is not limited thereto as a matter of 
course, but two or more semiconductor layers may 
be laminated on the surface of the GaN layer 1 8 as 
a semiconductor layer. 

(8) While TESi has been supplied onto the surface 
1 4a of the GaN buffer layer 1 4 and at the same time, 
light beam has been output thereon by the use of a 
mercury lamp In the above described third and sev- 
enth embodiments of a method for the formation of 
a semiconductor layer according to the present in- 
vention (see FIG. 8 and FIG. 11(b)), the invention 
is not limited thereto as a matter of course, but elec- 
tron beam, radical beam, Ion beam as well as atom- 
ic hydrogen or the like may be applied on the sur- 
face 14a of the GaN buffer layer 14 by the use of a 
laser (having a wavelength of 1 00 nm to 1 0 microns 
such as excimer laser, He-Cd laser, Ar laser, Kr la- 
ser, He-Ne laser, N2 laser, and carbon dioxide gas 
laser) in case of supplying a structural defect sup- 
pressing material onto the surface 14a of the GaN 
buffer layer 14. 
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(9) Although TMIn has been supplied together with 
TESi in the fourth and the eighth embodiments of a 
method for the fomnatlon of a semiconductor layer 
according to the present invention (see FIG. 9 and 
FIG. 11(c)). the invention is not limited thereto as a 
matter of course, but a structural defect suppress- 
ing material such as H (hydrogen) of the group l-A; 
Be (beryllium), or Mg (magnesium) of the group It- 
A; Al (aluminum), Ga (gallium), or In (indium) of the 
group lll-B; C (carbon), Si (silicon), Ge (gemnani- 
um), orSn (tin) of the group IV-B; or N (nitrogen), P 
(phosphorus), As (arsenic), or Sb (antimony) of the 
group V-B; or at least two types of structural defect 
suppressing materials of 0 (oxygen), S (sulfur), Se 
(selenium), and Te (tellurium) of the group Vl-B in 
periodic table may be supplied to the surface 1 4a 
of the GaN buffer layer 14 in the fomi of atom or 
compound. 

(10) The above described embodiments as well as 
the modifications enumerated in the above de- 
scribed paragraphs (1) through (9) may suitably be 
combined in the present invention. 

[0156] Since the present Invention has been consti- 
tuted as mentioned above, such excellent advantages 
that a defect density of stmctural defects, particularly a 
dislocation density of threading dislocations in the re- 
sulting semiconductor layer can be remarlcably reduced, 
so that reduction of hours of work can be realized as 
well as that a manufacturing cost can be reduced with- 
out requiring any complicated process in case of forming 
a thin orthick film semiconductor layer (layers) made of 
GaN or the like on a substrate made of a variety of ma- 
terials are achieved. 

[0157] It will be appreciated by those of ordinary skill 
in the art that the present invention can be embodied in 
other specific forms without departing from the spirit or 
essential characteristics thereof. 
[0158] The presently disclosed embodiments are 
therefore considered in all respects to be illustrative and 
not restrictive. The scope of the invention is indicated 
by the appended claims rather than the foregoing de- 
scription, and all changes that come within the meaning 
and range of equivalents thereof are intended to be em- 
braced therein. 

[0159] The entire disclosure of Japanese Patent Ap- 
plication No. 11 -354563 filed on December 14, 1999 in- 
cluding specification, claims, drawings and summary 
are incorporated herein by reference in its entirety. 



Claims 

1 . A method for the fomnatlon of a semiconductor layer 
for fomriing the semiconductor layer comprising: 

supplying a structural defect suppressing ma- 
terial for suppressing structural defects in the sem- 
iconductor layer. 



2. A method for the formation of a semiconductor layer 
for fomning the semiconductor layer comprising: 

supplying a structural defect suppressing ma- 
terial for suppressing structural defects in the sem- 
5 iconductor layer onto a surface of the layer of a ma- 
terial from which the semiconductor layer is to be 
formed. 

3. A method for the formation of a semiconductor layer 
10 for fomaing the semiconductor layer comprising: 

supplying simultaneously a structural defect 
suppressing material for suppressing structural de- 
fects in the semiconductor layer with a material from 
which the semiconductor layer is to be fomried In 
15 case of fomning the semiconductor layer. 

4. A method for the formation of a semiconductor layer 
for forming the semiconductor layer comprising: 

20 a first step for fomning a buffer layer on a sub- 

strate; 

a second step for supplying a predetemnined 
amount of a structural defect suppressing ma- 
terial for suppressing structural defects in the 

25 semiconductor layer to be formed on a surface 

of said buffer layer fomned in said first step; 
a third step for fomning the semiconductor layer 
on a surface of said buffer layer in which said 
structural defect suppressing material has 

30 been supplied onto said semiconductor layerto 

be formed in said second step; and 
a film thickness of said semiconductor layer in 
said third step being made to be 1 nm or thicker. 

35 5. A method for the formation of a semiconductor layer 
as claimed in claim 4 comprising further: 

a fourth step for supplying a predetemnined 
amount of a structural defect suppressing ma- 
40 terial for suppressing structural defects in the 

semiconductor layer to be fomned onto a sur- 
face of said semiconductor layer formed in said 
third step; 

a fifth step for fomning said semiconductor layer 
45 on a surface of said semiconductor layer in 

which said structural defect suppressing mate- 
rial has been supplied onto said semiconductor 
layerto be formed in said fourth step; and 
implementing one or more times of said fourth 
50 step and said fifth step after finishing said third 

step. 

6. A method for the formation of a semiconductor layer 
as claimed in claim 4 wherein: 
55 at least any of laser beam, electron beam, 

radical beam, ion beam, or atomic hydrogen is ap- 
plied in at least either of said second step and said 
fourth step. 
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7. A method for the formation of a semiconductor layer 
as claimed in claim 5 wherein: 

at least any of laser beam, electron beam, 
radical beam, ion beam, or atomic hydrogen is ap- 
plied in at least either of said second step and said 
fourth step. 

8. A method for the fonnation of a semiconductor layer 
as claimed in claim 4 wherein: 

a predetemnined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be formed are supplied in at least either of 
said second step and said fourth step. 

9. A method for the fomnation of a semiconductor layer 
as claimed in claim 5 wherein: 

a predetermined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be fomned are supplied in at least either of 
said second step and said fourth step. 

10. A method for the fomriation of a semiconductor layer 
as claimed in claim 6 wherein: 

a predetemnined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be formed are supplied in at least either of 
said second step and said fourth step. 

11 . A method for the fonnation of a semiconductor layer 
as claimed in claim 7 wherein: 

a predetemnined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be formed are supplied in at least either of 
said second step and said fourth step. 

12. A method for the fonnation of a semiconductor layer 
for forming the semiconductor layer comprising: 

a first step for fomning a buffer layer on a sub- 
strate; 

a second step for starting a supply of a material 
for fomning the semiconductor layer to be 
fomied as well as a supply of a structural defect 
suppressing material for suppressing structural 
defects in the semiconductor layer to be formed 
onto a surface of said buffer layer fomned In said 
first step at the same timing, besides finishing 
said supply of a structural defect suppressing 
material for suppressing structural defects In 
the semiconductor layer to be fomned at a tim- 
ing prior to that of said supply of a material for 
fomning the semiconductor layer to be formed; 
and 

a film thickness of said semiconductor layer in 



said second step being made to be 1 nm or 
thicker. 

13. A method for the formation of a semiconductor layer 
s as claimed in claim 12 comprising further; 

a third step for starting a supply of a material 
for fonning a semiconductor layer to be fomned 
as well as a supply of a structural defect sup- 

10 pressing material for suppressing structural de- 

fects In the semiconductor layer to be formed 
onto a surface of said buffer iayerformed in said 
second step at the same timing, besides finish- 
ing said supply of a structural defect suppress- 

15 ing material for suppressing structural defects 

in the semiconductor layer to be fomned at a 
timing prior to that of said supply of a material 
for forming the semiconductor layer to be 
formed; and 

20 implementing at least one time of said third step 

after finishing said second step. 

14. A method for the fomnation of a semiconductor layer 
as claimed In claim 12 wherein: 

25 at least any of laser beam, electron beam, 

radical beam, ion beam, or atomic hydrogen is ap- 
plied in at least either of said second step and said 
third step. 

30 15. A method for the formation of a semiconductor layer 
as claimed In claim 13 wherein: 

at least any of laser beam, electron beam, 
radical beam, ion beam, or atomic hydrogen is ap- 
plied In at least either of said second step and said 

35 third step. 

16. A method for the formation of a semiconductor layer 
as claimed in claim 12 wherein: 

a predetermined amount of plural types of 
40 structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be fomned are supplied in at least either of 
said second step and said third step. 

45 17. Amethodfortheformation of asemiconductor layer 
as claimed in claim 13 wherein: 

a predetemnined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects In the semiconductor 

50 layer to be formed are supplied in at least either of 
said second step and said third step. 

18. Amethodfortheformation of asemiconductor layer 
as claimed In claim 14 wherein: 
55 a predetennlned amount of plural types of 

structural defect suppressing materials for sup- 
pressing structural defects in the semiconductor 
layer to be formed are supplied in at least either of 
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said second step and said third step. 

1 9. A metliod for thefonnation of a semiconductor layer 
as claimed In claim 15 wherein: 

5 

a predetemnined amount of plural types of 
structural defect suppressing materials for sup- 
pressing structural defects in the semiconduc- 
tor layer to be fomied are supplied in at least 
either of said second step and said third step, 

20. A method for thefonnation of a semiconductor layer 
as claimed in any one of claims 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, and 19 wherein 

15 

said substrate is a silicon carbide substrate 
(6H-SiC substrate, 4H-SiC substrate), a lami- 
nated substrate of silicon carbide and silicon 
(SIC/SI substrate), a silicon substrate (Si sub- 
strate), a sapphire substrate (AI2O3 substrate), ^0 
a laminated substrate of zinc oxide and sap- 
phire (ZnO/AlgOg substrate), a gennanium sub- 
strate (Ge substrate), a gallium arsenide sub- 
strate (GaAs substrate), an Indium arsenide 
substrate (InAs substrate), a gallium phosphide 25 
substrate (GaP substrate), an indium phos- 
phide substrate (InP substrate) , or a spinel sub- 
strate (MgAlgOgjUGaOg); 
said structural defect suppressing material is H 
(hydrogen) of the group l-A; Be (beryllium), or 30 
Mg (magnesium) of the group ll-A; Al (alumi- 
num), Ga (gallium), or In (Indium) of the group 
lll-B; C (carbon), Si (silicon), Ge (germanium), 
or Sn (tin) of the group IV-B; N (nitrogen), P 
(phosphorus), As (arsenic), or Sb (antimony); 35 
or O (oxygen), S (sulfur), Se (selenium), or Te 
(tellurium) of the group V-B in periodic table; 
and 

said semiconductor layer Is a layer of a semi- 
conductor C (diamond), Si (silicon), Ge (gemna- 40 
nium), SIC, SIGe, or SiCGe of the group IV; that 
of a binary system semiconductor of BN, AIN, 
GaN, InN, BP, AlP, GaP, InP, BAs, AlAs, GaAs, 
or InAs of the groups ill-V; that of a temary sys- 
tem mixed crystal semiconductor BAIN, BGaN , 4s 
BInN, AIGaN, AlInN, GaInN, BAIP, BGaP, BInP, 
AIGaP, AllnP. GalnP, BAIAs, BGaAs, BInAs, Al- 
GaAs, AllnAs, GalnAs, BNP, BNAs, BPAs, Al- 
NP. AINAs, AlPAs, GaNP, GaNAs. GaPAs, In- 
NP, InNAs, or InPAs of the groups Ill-V; that of so 
a quaternary system mixed crystal semicon- 
ductor BAIGaN, BAIInN, BGaInN, AIGaInN, 
BAIGaP. BAIInP, BGalnP, AlGalnP. BAIGaAs, 
BAIInAs, BGalnAs, AIGalnAs, BAINP, BGaNP, 
BInNP. AIGaNP, AllnNP, GalnNP, BAINAs. ss 
BGaNAs, BInNAs, AIGaNAs. AllnNAs, Galn- 
NAs, BAIPAs, BGaPAs, BInPAs. AIGaPAs. Al- 
InPAs, GalnPAs, BNPAs. AINPAs. GaNPAs, or 
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InNPAs of the groups Ill-V; orthat of a semicon- 
ductor of ZnO, ZnS, ZnSe. ZnTe, GdO, CdS, 
CdSe, CcTTe, ZnCdO, ZnCdS, ZnCdSe, 
ZnCdTe, ZnOS, ZnOSe, ZnOTe, ZnSSe, Zn- 
STe, ZnSeTe, CdOS. CdOSe, CdOTe, GdSSe, 
GdSTe. CdSeTe, ZnCdOS, ZnCdOSe, ZnC- 
dOTe, ZnCdSSe, ZnCdSTe, ZnCdSeTe, 
ZnOSSe, ZnOSTe, ZnOSeTe, ZnSSeTe, 
CdOSSe, CdOSTe, CdOSeTe, or GdSSeTe of 
the groups ll-VI In periodic table. 

. A method for the formation of semiconductor layers 
on a substrate through a buffer layer comprising: 

applying an MOCVD (Metalorganic Chemical 
Vapor Deposition), an MBE (Molecular Beam 
Epitaxy), a CBE (Chemical Beam Epitaxy), an 
HAVPE (Hallde Vapor Phase Epitaxy), a 
GSMBE (Gas-Source Molecular Beam Epi- 
taxy), an MOMBE (Metalorganic MBE), an LPE 
(Liquid Phase Epitaxy), a CVD (Chemical Va- 
por Deposition), a sputtering, or a vacuum dep- 
osition process; 

a first step for supplying solid gallium (Ga), tri- 
methylgallium (TMG), or tri ethyl gallium (TEG), 
solid aluminum (Al), trimethylaluminum (TMA), 
triethylaluminum (TEA), trimethylaminealum 
(TMAAI), dimethyiethytaminealum (DMEAAI), 
or trilsobutylalumlnum (TIBAI) and nitrogen 
radical, ammonia (NH3), monomethylhydra- 
zine (MMHy), or dimethylhydrazine (DMHy) on 
a surface of a SIC substrate or an AI2O3 sub- 
strate to fonn a GaN layer, an AIN layer, or an 
AIGaN layer as a buffer layer; 
a second step for supplying Si being a structural 
defect suppressing material used for a GaN lay- 
er, an AIN layer, or an AIGaN layer as a semi- 
conductor layer to be fomned in a film on a sur- 
face of the GaN layer, the AIN layer, or AIGaN 
layer as said buffer layer which has been 
formed in said first step with the use of solid 
silicon (Si), sitane (SiH4), disilane (SigHg), 
methylsilane (CH3SiH3), dimethylsilane 
((CH3)2SiH2). diethylsilane ((C2H5)2SiH2). tri- 
methylsilane ((CH3)3SiH), triethylsilane( 
(C2H5)3SiH), tetramethylsilane (TMSI), ortetra- 
ethylsilane (TESi); and 

a third step for supplying solid gallium (Ga), tri- 
methylgalilum (TMG), or triethylgallium (TEG), 
solid aluminum (Al), trimethylaluminum (TMA), 
triethylaluminum (TEA), trimethylaminealum 
(TMAAI), dimethylethylaminealum (DMEAAI), 
or trilsobutylalumlnum (TIBAI) and nitrogen 
radical, ammonia (NH3), monomethylhydra- 
zine (MMHy), or dimethylhydrazine (DMHy) on 
a surface of a GaN layer, an AIN layer, or an 
AIGaN layer as said buffer layer to which has 
been supplied said Si In said second step to 
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form a GaN layer, an AIN layer, or an AIGaN 
layer as said semiconductor layer in a th iclcness 
of 1 nm or thicker 

22. A method for the fonmation of a semiconductor layer s 
in which a GaN layer or an AIGaN layer Is formed 
on an SiC substrate or an AI2O3 substrate by means 
of MOCVD (Metalorganic Chemical Vapor Deposi- 
tion) equipment comprising: 

10 

a first step for either supplying trimethylgallium 
(TMG) or triethylgalllum (TEG) and ammonia 
(NH3) onto a surface of the SiC substrate or the 
AI2O3 substrate to form a GaN layer as a buffer 
layer, orsupplying trimethylgallium (TIVIG) or tri- is 
ethylgalllum (TEG) and trimethylaluminum 
(TMA) ortriethylaluminum (TEA) and ammonia 
(NH3) thereon to fomn an AIGaN layer as a buff- 
er layer; 

a second step for supplying Si being an n-type 20 
impurity material used in a GaN layer or an AI- 
GaN layer on a surface of the GaN layer or the 
AIGaN layer being said buffer layer fomried in 
said first step by means of sllane (SiH4), disl- 
lane (Si2H6), or tetraethylsilane CTESI) in one 2S 
monolayer or less; and 

a third step for either supplying trimethylgallium 
(TMG) or triethylgalllum (TEG) and ammonia 
(NH3) on a surface of the GaN layer or the AI- 
GaN layer being said buffer layer to which has so 
been supplied said sllane (SiH4), disilane 
(Si2He), or tetraethylsilane (TESi) In said sec- 
ond step to form a GaN layer in a thickness of 
1 nm or thicker, or supplying trimethylgallium 
(TMG) or triethylgallium (TEG) and trimethyla- 35 
lumlnum (TMA) ortriethylaluminum (TEA) and 
ammonia (NH3) to f omri a AIGaN layer in a thick- 
ness of 1 nm or thicker. 
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FIG. 2(a) 
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FIG. 2(b) 
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FIG. 3(a) 



14 
12 

10 



GaN(~0. 5/1 m) 



6H-SiC(0001) 



AIN 

2nm) 



SUPPLY OF STRUCTURAL DEFECT SUPPRESSING MATERIAL 

TESI 



FIG. 3(b) 
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FIG. 3(c) 
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FIG. 3 (d) 
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FIG. 4 



(a) 


IN CASE OF FORMING AIN 
THIN HLM 12 ON 6H-SiC(0001) 


TEMPERATURE IN REACTOR 1100»C 
PRESSURE IN REACTOR 76 Torr 
RAW MATERIAL GAS: NHj/TMA 

=0.09(mot/min)/Z2( H mol/min) 

=~40000 

GAS SUPPLY: SIMULTANEOUS/ALTEIWATE SUPPLY 
FILM THICKNESS: ^\-Znm 


(b) 


IN CASE OF FORMING 

GaN LAYER 14 

ON AIN THIN FILM 12 


TEMPERATURE IN REACTOR 1080'C 
PRESSURE IN REACTOR 76 Torr 
RAW MATERIAL GAS: NHa/TMG 

=0.09(inol/min)/48( // mol/min) 

=1875 

GAS SUPPLY: SIMULTANEOUS SUPPLY 
FILM THICKNESS: ~0.5 U m 


(c) 


IN CASE OF SUPPLYING TESi 
ON GaN LAYER 14 


TEMPERATURE IN REACTOR 1080'C 
PRESSURE IN REACTOR 76 Torr 
RAW MATERIAL GAS: TESi (HYDROGEN CARRIER) 
=32nmol (96nmol/min) 


(d) 


IN CASE OF SUPPLYING 
TRIMETHYLGALLUM (TMG) 
AND AMMONIA (NH,) 


TEMPERATURE IN REACTOR IOSCO 

PRESSURE IN REACTOR 76 Torr 

RAW MATERIAL GAS: TMG SUPPLY RATE 

(HYDROGEN CARRIER) 

46 U mol/min 

: NH, SUPPLY AMOUNT 2SLM 
GAS SUPPLY TIME 15 min 
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FIG. 5 
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FIG. 7(a) 
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(b-1) 


IN CASE OF 
SUPPLYING 

Si 


TEMPERATURE: 1080 DEGREES 

PRESSURE: 76 Torr 

TESi SUPPLY AMOUNT 

(HYDROGEN CARRIER):32nmol(96nmol/min.) 


(b-2) 


IN CASE OF 
GROWTH OF 
GaN 


TEMPERATURE: 1080 DEGREES 
PRESSURE 76 Torr 
TMG SUPPLY RATE 

(HYDROGEN CARRIER):46 /i mol/min. 
NH3 SUPPLY AM0UNT:2SLM 
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FIG. 8(3-1) 
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FIG. 8(b) 



IN CASE OF 
SUPPLYING 

Si 



TEMPERATURE: 1080 DEGREES 

PRESSURE 76 Torr 

TESi SUPPLY AMOUNT 

(HYDROGEN CARRIER):32ninol(96nmol/min.) 

UGHT BEAM OUTPUT CONDmON; 

CONTINUOUS OUTPUT BY MERCURY LAMP IN 

0.1 pJ/cm« INTENSmr DURING TESi SUPPLY 
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FIG. 9(a-1) 
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FIG. 9(b) 




TEMPERATURE: 1080 DEGREES 


IN CASE OF 


PRESSURE 76 Torr 


SUPPLYING Si 


TESi SUPPLY AMOUNT 




(HYDROGEN CARRIER):32nmol(96nmol/min.) 
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G. 10(a) 
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FIG. 11(a) 
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FIG. n(b-1) FIG. 11(b-2) 
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FIG. 11(c-1) 
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FIG. 12 



(a) 


THIN FILM 

PREPARING 

TECHNOLOGY 


MOCVD, MBE, CBE, HVPE« LPE. GSMBE« MOMBE 

CVD. SPUTTERING^ LPE, VAPOR DEPOSITION PROCESS etc 


(b) 


SUBSTRATE 


ZnO/AijO, SUBSTRATE^ Ge SUBSTRATE^ SPINEL SUBSTRATE^ 
6H-SiC SUBSTRATE. 4H-SiC SUBSTRATE* SiC/Si SUBSTRATE* 
Si SUBSTRATE. SAPPHIRE (Al^op SUBSTRATE. GaAs SUBSTRATE. 
InAs SUBSTRATE. QaP SUBSTRATE. InP SUBSTRATE etc. 


(c) 


STRUCTURAL 
DEFECT 
SUPPRESSING 
MATERIAL 


•(THE GROUP I) H -(THE GROUP V)N. P. As, Sb 
•(THE GROUP lOBe* Mg '(THE GROUP VI)0. S* Se. Te 
•(THE GROUP ni)AI. Ga. In 
•(THE GROUP IV)C> Si. Go. Sn 


(d) 


SEMCONOUCTOR 
HAVING REDUCS) 
STRUCTURAL 
DEFECTS 


•SEMICONDUCTOR OF THE GROUP IV 
C (DIAMOND), Si (SOJCON). Ge (GERMANIUM), SiC, SiGe, SiCGe 

•BINARY SYSTEM SEMICONDUCTOR OF THE GROUP ffl-V 
BN. AIN. GaN. InN. BP. AlP. GaP. InP. BAs. AlAs. GaAs. 
InAs 

•TERNARY SYSTEM MIXED CRYSTAL SEMICONDUCTOR OF 

THE GROUP ni-V 
BAIN. BGaN. BInN. AIGaN. AllnN. GalnN. BAIP, BGaP. 

BInP. AIGaP. AllnP. GalnP. BAIAs. BGaAs. BInAs. Al 

GaAs. AllnAs. GalnAs. BNP. BNAs. BPAs. AINP. AINAs. 

AlPAs. GaNP. GaNAs. GaPAs. InNP. InNAs. InPAs 

-QUATERNARY SYSTEM MDCED CRYSTAL SEMICONDUCTOR 

OF THE GROUP IB-V 
BAIGaN. BAIInN. BGatnN. AIGalnN. BAIGaP. 

BAIInP. BGalnP. AIGainP. BAIGaAs. BAItnAs. 

BGalnAs. AiGalnAs, BAINP. BGaNP. BInNP. Al 

GaNP. AllnNP. GalnNP. BAINAs. BGaNAs. BInN 

As. AIGaNAs. AllnNAs. GalnNAs. BAIPAs. BGa 

PAs. BInPAs. AIGaPAs. AilnPAs. GalnPAs. BNP 

As. AINPAs. GaNPAs. InNPAs 

•SEMICONDUCTOR OF THE GROUP n-V 
ZnO. ZnS. ZnSe. ZnTe. CdO. CdS. CdSe. CdTe. ZnCdO. Z 
nCdS. ZnCdSe. ZnCdTe. ZnOS. ZnOSe. ZnOTe. ZnSSe. Z 
nSTe. ZnSeTe. CdOS. CdOSe. GdOTe. CdSSe. CdSTe. Cd 
SeTe. ZnCdOS. ZnCdOSe. ZnCdOTe. ZnCdSSe. ZnCdSTe. 
ZnCdSeTe. ZnOSSe. ZnOSTe. ZnOSeTe, ZnSSeTe. CdOSSe, 
CdOSTe. CdOSeTe. CdSSeTe 
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FIG. 13 



(a) 


IN CASE OF FORMING 
AIN THIN FILM ON 
6H-SiC(0001) 
SUBSTRATE 


TEMPERATURE OF CRYSTAL GROWTH SUBSTRATE 800*»C 

PRESSURE IN CRYSTAL GROWTH EQUPMENT: 3x10^ Torr 

RAW MATER^VL: SOLID Al (KNUDSEN CELL TEMPERATURE 1 100"C) 

NH3 GAS (2 SOCM) 
FILM THICKNESS:'^2nm 


(b) 


IN CASE OF FORMING 
GaN LAYER ON AIN 
THIN FILM 


TEMPERATURE OF CRYSTAL GROWTH SUBSTRATE: 700'C 
PRESSURE IN CRYSTAL GROWTH EQUIPMENT: 3 x 10^ Torr 
RAW MATERIAL: SOLID Ga (KNUDSEN CELL TEMPERATURE 900»C} 

NH3 GAS (2 SCCM) 
FILM THICKNESS: '^aSH m 


(c) 


IN CASE OF FORMING 
Si ON QaN LAYER 


TEMPERATURE OF CRYSTAL GROWTH SUBSTRATE 700»C 
PRESSURE IN CRYSTAL GROWTH EQUIPMENT: 1 x KT^ Torr 
RAW MATERIAL SOUD Si (KNUDSEN CELL TEMPERATURE 1 100»C) 
FILM THICKNESSz-aSnm 


(d) 


IN CASE OF FORMING 
GaN LAYER ON GaN 
LAYER WHEREIN Si 
WAS ADSORBED 


TEMPERATURE OF CRYSTAL GROWTH SUBSTRATE 700^0 
PRESSURE IN CRYSTAL GROWTH EQUIPMENT: 3x10^ Torr 
RAW MATERIAL SOUD Ga (KNUDSEN CEU. TEMPERATURE 90a>C) 

NH3GAS(2 SCCM) 
FILM THICKNESSc0.5|l m 
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